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APPENDIX C 

HAZLETON LABORATORIES AMERICA 

STANDARD OPERATING PROCEDURES 
USING NON - CLP PROTOCOL 
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ASSAY TITLE: Determination of Organochlorine Pesticides and 
Polychlorinated Biphenyls (PCBs} in Drinking Water 

AREA OF APPLICABILITY: Hazleton laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the determination of the priority pollutant and target 
compound list {TCL) organochlorine pesticides and PCBs in drinking water 
sources using gas chromatography with electron capture (GC-EC) detection. The 
compounds determined by this method are reported with detection limits lower 
than those generated by the standard pesticide/PCB screen. All positive 
results reported using this method are reported only following second column 
confirmation. The following compounds are calibrated and analyzed for under 
this method: 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BHC {Lindane) 
de lta-BHC 
a 1 pha-ch 1 ordane 
gamma-chlordane 
Technical chlordane 
4,4•-ooo 
4,4'-0DE 

PRINCIPLE: 

4,4'-DOT 
Dieldrin 
Endos u 1f an 1 
Endosu 1 fan II 
Endosulfan sulfate 
Enctrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 

Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

\ A 1-L sample is extracted with methylene chloride using a separatory funnel. 
The methylene chloride extract is dried with anhydrous sodium sulfate and 

' exchanged to hexane during the concentration step. The final extract volume 
is taken to 1.0 ml for analysis. The extract is separated by gas 
chromatography and the analytes of interest are measured with an electron 
capture detector. This method provides an alumina column cleanup procedure 
and an elemental sulfur removal procedure to aid in the elimination of 
interferences that may be encountered. 
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The method detection limits presented in Table 1 represent the sensitivities 
that can be achieved in ground water 1n the absence of interferences. 
Precision and accuracy for this method, as generated from an in house 
validation study. 1s presented in Table 2. 

REFERENCES: 

Environmental Protection Agency (EPA) Method 608 (Federal Register. 
49(209) :43,321-43,336, October 16, 1984). 

Environmental Protection Agency (EPA) Contract laboratory Program, Statement 
of Work for •organic Analysis Multi-Media Multi-Concentration, October 1986. 
Revisions: January 1987; February 1987; July 1987; August 1987. Exhibits: 
8, D, E. 

APPROVED BY: . ....w'*L .. t. ~ /141!' 
Mark McNabb 
Group Leader 
Environmental Analysis 

David C. Hills 
Manager 
Environmental Analysis 

REVIEWED BY: h~r: f...:_ ~{;if 
Debra Curley Arndt __) 
Manager 
Quality Assurance Unit 

(W76D) 

DATE: _....;;3_-...;.'r_-'-'--

DATE: 3i f'5 ~9 
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SAFETY PRECAUTIONS: 

The toxicity or carcinogenicity of chemicals used 1n this method have not been 
precisely defined; each chemical should be treated as a potential health 
hazard, and exposure to these chemicals should be minimized. Each analyst 1s 
responsible for maintaining awareness of OSHA regulations regarding safe 
handling of chemicals used in this method. Additional references to 
laboratory safety are available for the information of the analyst. 

The following method analytes have been tentatively classified as known or 
suspected human or mammalian carcinogens: 4,4'-DOT, 4,4'-000, the BHCs, and 
the PCBs. Primary standards of these toxic compounds should be prepared in a 
hood. A NIOSH/MESA-approved toxic gas respirator should be worn when the 
analyst handles high concentrations of these toxic compounds. 

INTERFERENCES: 

Method interferences may be caused by contaminants in solvents, reagents, 
glassware, and other sample-processing hardware that lead to discrete 
artifacts and/or elevated baselines in gas chromatograms. All of these 
materials must be routinely dem~nstrated to be free from interferences under 
the conditions of the analysis by running laboratory reagent blanks. 
Interferences. by phthalate esters can pose major problems in pesticide 
analysis when using the EC detector. These compounds generally appear in the 
chromatogram as broad eluting peaks. Common flexible plastics contain varying 
amounts of phtha lates. These phtha lates are easily extracted or leached from 

-/. such materials during laboratory operations. Cross-contamination of clean 
glassware routinely occurs when plastics are handled. Interferences from 
phthalates can best be minimized by avoiding the use of plastics in the 
laboratory. Exhaustive cleanup of reagents and glassware may be -~quired to 
eliminate background phthalate contamination. 

Matrix interferences may be caused by contaminants that are coextracted from 
the sample. The extent of matrix interferences will vary considerably from 
source to source, depending on the nature and diversity of the site being 
sampled. Cleanup procedures provided in this method may be used to minimize 
or overcome such interferences. 
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QUALITY ASSURANCE: 

The minimum quality assurance quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
pesticide/PCB compounds listed in this method are as follows: · 

o Method Blank Analysis 
o Surrogate Spike Recovery and Retention Time Monitoring 
o Matrix Spike/Matrix Spike Duplicate Analysis 
o Specific QA/QC for Pesticide Analysis 

.':f) 1. Method Blank Ana lv.,..U. 

A method blank is a volume of deionized, distilled laboratory water 
~ carried through the entire analytical scheme (extraction, concentration, 

and analysis). The method blank volume must be approximately equal to the 
sample volumes being processed. 

., 

A method blank is performed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. It is the 
analyst's responsibility to ensure that method interferences caused by 
contaminants in solvents, reagents, and glassware are minimized. An 
acceptable laboratory method blank should contain less than or equal to 
the reported method detection limit of any single pesticide/PCB target 
compound. 

If a laboratory method blank exceeds the above criteria, the analyst must 
consider the analytical system to be out of control. The source of the 
contamination must be investigated and appropriate corrective measures 
MUST be taken and documented before further sample analysis proceeds. All 
samples processed with a method blank that is out of control MUST be 
reextracted and reanalyzed. 

2. Surrogate Spike Analysis 

All samples, blanks, and matrix spikes are fortified with the surrogate 
compound dibutylchlorendate (OBC) before extraction to monitor the 
preparation and analysis of samples. The spiking.level is 0.1 ~g/L, 
based on an extraction volume of 1 L, which will produce an extract 
concentration (before any optional dilutions} of 0.1 ~g/ml. 

Surrogate spike recovery must be evaluated by determining whether the 
concentration (measured as percent recovery) falls inside the advisory 
recovery limits listed below. 
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Advisory Surrogate Spike Recovery Limits 

Fraction Surrogate Compound Water 

Pest. Dibutylchlorendate (24-1 54)* 

These limits are for advisory purposes only. They are not used to 
determine if a sample should be reanalyzed. 

3. Matrix Spike/Matrix Spike Duplicate CMS/MSD) Analysis 

In order to evaluate the matrix effect of the sample on the analytical 
methodology and provide both precision and accuracy information, an MS/MSD' 
analysis is performed with each set of 20 samples. Spiking is performed 
using a mixture of the following six individual pesticide compounds: 

0 
0 
0 

Heptachlor 
Aldrin 
Dieldrin 

0 
0 

0 

Lindane 
Endrin 
4,4'-DDT 

Individual component recoveries ~f the matrix spike are calculated using 
Equation 3.1. 

Matrix spike percent recovery = 

Where: SSR • Spike sample results 
SR = Sample result 

SSR - SR X 100 
. SA 

SA • ~pike added from spiking mix 

Eq. 3.1 

The analyst is required to calculate the relative percent difference (RPD) 
between the matrix spike and matrix spike duplicate. The RPO for each 
component is calculated using Equation 3.2. 

RPO • _Jl-=-..!!2- X 100 
co, + 02)/2 Eq. 3.2 

Where: o, = First sample value 
D2 = Second sample value (duplicate) 

-...... 
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Fraction 

Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 
Pesticide 

Matrix Spike Recovery Limits 

Matrix So1ke Compound 

Lindane 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4.4'-DDT 

Water* 

46-118 
29-119 
30-108 
39-133 
53-114 
38-130 

* These limits are for advisory purposes only. They are not to be 
used to determine if a sample should be reanalyzed. 

4. Pesticide Retention Time Windows 

The external standard quantitation method must be used to quantitate all 
pestic1des/PC8s. Before performing any sample analysis •. the analyst is 
required to delermine the retention time window for each pesticide/PCB 
target compound and the surrogate spike compound, DBC. These retention 
time windows are used to make tentative identification of pesticides/PCBs 
during sample analysis. -

Before establishing retention time windows, the GC operating conditions 
{oven temperature and flow rate) must be adjusted such that 4,4'-DDT has a 

r, retention time of greater than or equal to 12 minutes on packed GC 
...J columns, except on OV-1 .or OV-101 columns. 

~ Establish retention time windows as follows: 

o Before initiating analysis on a GC system and each time a new GC 
column is installed, make three injections of all single component 
pesticide mixtures, multi-response pesticides. and PCBs throughout 
the course of a 72-hour period. The concentration of each 
pesticide/PCB should be sufficient to provide a response that is 
approximately half scale. The three injections of each compound are 
made at approximately equal intervals during the 72-hour period, 
(i.e., each compound is injected near the beginning, middle, and end 
of the 72-hour period). 

o Verify the retention time shift for DBC in each standard. The 
retention time shift between·the initial and subsequent standards 
must be less than 2.0% difference for packed columns and less than 
1.5% difference for wide-bore capillary columns. If this criterion 
is not met, continue injecting replicate standards until the 
criterion is satisfied. 
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o Cal~ulate the standard deviation of the three absolute retention 

times for each single component pesticide. For multiresponse 

pesticides or PCBs, choose one major peak from the envelope and 

.calculate the standard deviation of the three retention times for 

that peak. 

0 The standard deviations determined are used to detenmine the 

retention time window for a particular 72-hour sequence. Apply plus 

or minus three times the standard deviations to the retention time of 

each pesticide/PCB determined for the first analysis of the 

pesticide/PCB standard in a given 72-hour analytical sequence. This 

range of retention times defines the retention time window for the 

compound of interest for that 72-hour sequence. Note that by 

definition, the retention time of a pesticide/PCB from the first 

anal~sis of that compound in the 72-hour sequence is the center of 

the retention time window {do not use the retention time measured 

during the initial determination of the retention time windows as the 

center of the retention time window). The experience of the anal~st 

should weigh heav11~ in the interpretation of chromatograms. For 

multiresponse pesticide/PCBs, the anal~st should use the retention 

time window, but should rely primarily on pattern recognition. 

-· 
o In those cases where the retention time window for a particular 

pesticide/PCB is less than 0.01 minutes, the anal~s·t may use 

whichever of the following formulas apply. 

For packed columns, the retention time window of the particular 

pesticide/PCB is calculated as ±lS of the initial retention. time 

of the compound in the 72-hour sequence. 

For wide-bore capillary columns [inner diameter (i.d.) greater 

than 0.32 mm], the retention time window of the particular 

pesticide/PCB is calculated as ±Q.75S of the initial retention 

time of the compound 1n the 72-hour sequence. 

For narrow-bore capillary columns (i.d. less than 0.32 mm), the 

retention time window of the particular pesticide/PCB is 

calculated as zp.lSS of the initial retention time of the 

compound in the 72-hour sequence. 
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5. Primary GC Column Analysis 

Primary analysis determines whether or not pesticides/PCBs are present in 
the sample, and establishes a tentative identification of each compound. 
Quantitation may be performed on the primary analysis if the analysis 
meets all of the QC criteria specified for quantitation. NOTE: To 
determine that no pesticides/PCBs are present at or above the required 
quantitat1on limit 1! a form of quantitation. 

Separation should be greater than or equal to 25% resolution between the 
peaks. This criteria must be considered when determining whether to 
quantitate on the primary analysis or the confirmation analysis. When 
this criterion cannot be met, quantitation is adversely affected because 
of the difficulty in determining where to establish the baseline. 

Evaluation Standard Mixtures 

o Prepare Evaluation Standard Mixes A, B, and C (aldrin, endrin, 
4,4'-DDT and DBC) at the three concentration levels described in the 
method. Analyze the three evaluation standard mixes sequentially at 
the beginning of each 72-hour period (see Figure 1). 

o Calculate the calibration factor (ratio of the total area to the mass 
injected) for each compound in Evaluation Standard Mixes A, 8, and c 
using Equation 5.1. 

Calibration factor = Total area of peak Eq. 5.1 
Mass injected (in nanograms) 

o Using the calibration factors from above, calculate the percent . 
relative standard deviation (SRSD) for each compound at the three 
concentration levels using Equation 5.2. The SRSD for aldrin, 
endrin, 4,4'-DDT and DBC must be less than or equal to 10.0%. ·If the 
SRSD exceeds 10.0% for 4,4'-00T, a three-point DDT series (DDT, ODD, 
ODE) may be run and used to establish a calibration curve for those 
three compounds; otherwise, corrective action must be taken to bring 
the DDT SRSD within 10%. 

o NOTE: The 10.0% RSO linearity criteria pertains only to columns being 
used for pesticide/PCB quantitation. If a column is used only for 
surrogate quantitation, the 10.0% RSD is only required for DBC. 

% RSD = ~ X 100 
Eq. 5. 2 

X 
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Where: Standard deviation (SD) • I ...1!.1 - x)2_ 

1•1 N-1 

x • Mean of initial three calibration factors (per compound). 

Evaluate the chromatogram from the analysis of the Evaluation Standard 
Mix B. The appearance of peaks in addition to the four main pesticide peaks 
indicates a breakdown of endrin and/or 4,4'-DDT. 

Calculate the percent breakdown for endrin and/or 4,4'-DDT on the mixed pha~ 
(1.5% OV-16/1.95% OV-210 or equivalent) GC column using Equations 5.3 and ' 
5.4. The percent breakdown for endrin or 4,4'-DDT must not exceed 20.0%. 
Corrective action must be taken before analysis continues if this criterion 
1s not met. 

S breakdown = Total DDT degradation oeak area (DOE. DOD) X 100 
for 4,4'-DOT Total DDT peak area (DOT, ODE, DOD) Eq. 5. 3 

Total eldrin degradation peak areas 
S breakdown = (endrin afdehyde. endrin ketone) Eq. 5 .~ 
for Endrin Total endrin peak area 

(endrin, endrin aldehyde. end-in ketone) 

Calculate the percent breakdown for endrin and/or 4,4'-DDT on the OV-1 or 
equivalent GC column using Equations 5.3 and 5.4~ The percent breakdown for 
Endrin or 4,4'-DDT must not exceed 20.0%. Corrective action must be taken 
before analysis continues if this criterion is not met. 

If there is evidence of a peak at the retention time for endr1n 
aldehyde/4,4'-000 (which coelute on the OV-1 or equivalent GC column}, 

. calculate a combined percent breakdown for endrin/4,4'-DDT using Equation 
5.5. The combined endrin/4,4'-DDT percent breakdown must not exceed 20.0%, 
or else corrective action must be taken before analysis continues. The term 
•peak height• may be substituted for the term •peak area.• 

Total endrin/DDT degradation peak area 
Combined % = (DOD. DOE. endrin aldehyde, endrin ketone) 
breakdown Total endrin/DOT peak area 

(endrin, endrin aldehyde, endrin ketone, 
DDT, ODD, DOE) 

Eq. 5. S 
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Suggested Maintenance 

Corrective measures may require any one or more of the following remedial 
actions: 

0 Packed columns. For instruments with off-column injection, replace 
the demister trap, and clean and deactivate the glass injection port 
insert, or replace it with a cleaned and deactivated insert. Inspect 
the injection end of the column and remove any foreign material 
(broken glass from the rim of the column or pieces of septa). 
Replace the glass wool with fresh deactivated glass wool. Also, it 
may be necessary to remove the first few millimeters of packing 
material if any discoloration is noted. Swab out the inside walls of 
the column if any residue is present. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body (described below) and/or repack/replace the 
column. 

o Capillary columns. Clean and deactivate the glass injection port 
insert or replace it with a cleaned and deactivated insert. Break 
off the first few inches (up to 1 ft) of the injection-port side of 
the column. Remove the column and backflush with solvent according 
to the manufacturer's instructions. If these procedures fail to 
eliminate the degradation problem, it may be necessary to deactivate 
the metal injector body and/or replace the column. 

0 Metal Injector Body. Turn off the oven and remove the analytical 
column when the oven has cooled. Remove the glass injection port 
insert (instruments with off-column injection or Grob). Allow the 
injection port temperature to come to room temperature. Inspect the 
injection port and remove any noticeable foreign material. 

Place a beaker beneath the injector port inside the GC oven. Using a wash 
bottle, serially rinse the entire inside of the injector port with acetone 
and then toluene, catching the rinsings in the beaker. 

Prepare a solution of deactivating agent (Sylon-CT or equivalent) 
following manufacturer's directions. After all metal surfaces inside the 
injector body have been thoroughly coated with the deactivation solution, 
serially rinse the injector body with toluene, methanol, acetone, and 
hexane. Reassemble the injector and replace the GC column. 
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Individual Standard Mixtures A and 8 

Prepare Individual Standard Mixtures A and 8 containing the 
single-component pesticides. One mixture of all of the single component 
pesticides is acceptable when using a capillary column if resolution of 
all compounds is achieved. Prepare separate solutions of all 
multi-response pesticides and PCBs. (Aroclor 1016 and Aroclor 1260 may be 
combined in a single mixture.) 

Analyze Individual Standard Mixtures A and 8 and all multi-~esponse 
pesticide/PCBs at the beginning of each 72-hour period (Figur~ 1) and 
analyze Indivi~ual Standard Mixtures A and B at the intervals specified in 
the analytical sequence in Figure 1 and whenever sample analysis is 
completed. The calibration factor for each standard quantitated 
(Individual Standard Mix A or 8) (Equation 5.6), must not exceed a 15.0S 
difference for a quantitation run, nor exceed a 20.0% difference for a 
confirmation run during the 72-hour pe~iod. Calculate the perc~nt 
difference using Equation 5.7. Deviations greater than 15.0% require the 
analyst to repeat the samples analyzed following the quantitation standard 
that exceeded the criterion. 

Calibration factor • Total area of peak* 
Mass injected (in nanograms) Eq. 5.6 

*For multiresponse pesticide/PCBs, use the total area of all peaks 
used for quantitation. The term •peak height• may be substituted 
for the term •peak area.• 

Percent difference = --&1-=-B<--- X 100 
Rl f'1. 5.7 

Where: R1 • Calibration factor from first analysis 
R2 • Calibration factor from second or subsequent analysis 
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Samples are analyzed according to the sequence described in Figure 1. 

The retention time shift for OBC must be evaluated after the analysis of each 
sample. The retention time shift must be less than a 2.0% difference for 
packed GC columns between the initial standard analysis and any sample or 
standard analyzed during the 72-hour period. The percent difference for 

~ wide-bore capillary columns (i.d. greater than 0.32 mm) must be less than 
~~ 1. 5%. The percent diffarence for narrow-bore capillary columns ( 1.d. less 

than 0.32 mm) must be less than 0.3% (Equation 5.8). 

Percent Difference • __!!1 - RTs __ X 100 
RT1 Eq. 5. 8 

Where: RT1 • Absolute retention time of OBC in the initial 
standard (Evaluation Standard Mix A) 

RTs • Absolute retention time of OBC in the sample 
or subsequent ·standard 

Evaluate the GC column throughout the analysis of samples by injecting 
Evaluation Standard Mix Bat the frequency outlined in Figure 1. 

Calculate the percent breakdown for 4,4'-DDT and endr1n using Eq. 5.5. 
Take corrective action when the breakdown for 4,4' -DDT or endrin exceeds 
20.0%. 
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72-Hour Sequence for Pesticide/PCB Analysis 

1. Evaluation Standard M1x A 
2. Evaluation Standard M1x B 
3. Evaluation Standard M1x C 
4. Individual Standard M1x A* 
5. Individual Standard M1x 8* 
6. Toxaphene 
7. Technical Chlordane 
B. Aroclors 1016/1260 
q. Aroclor 1221 

10. Aroclor 1232 
11. A roc lor 1242 
12. Aroclor 1248 
13. Aroclor 1254 
14. 5 Samples 
15. Evaluation Standard Mix 8 
16. 5 Samp 1 es 
17. Individual Standard M1x A orB 
18. 5 Samples 
19. Evaluation Standard M1x 8 
20. 5 Samples 
21. Individual Standard M1x A orB 

(whichever was not run in Step 16) 
22. 5 Samples 
23. Repeat the above sequence starting 

with Step 14 
24. Pesticide/PCB analysis sequence must 

end with Individual Standard Mixes A and B 
regardless of number of samples analyzed. 

* These may be one mixture (provided adequate separation can be shown) 

6. Confirmation Analysis (GC/EC) 

Confirmation analysis confirms the presence of all compounds tentatively 
identified in the primary analysis. Therefore, the only standards 
required are the evaluation standard mixes (to check linearity and 
degradation criteria) and standards of all compounds to be confirmed. The 
linearity criterion on the confirmation column for pesticides is not 
required unless the column is used for quantitati~n. The 72-hour sequence 
described in Figure 1 is therefore modified to fit each case. 
Quantitation may be performed on the confinmation analysis. If toxaphene 
or DDT is to be quantitated, additional linearity requirements are 
necessary. 
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Separation should be greater than or equal to 25S resolution between 
peaks. This criteria must be considered when determining whether to 
quantitate on the primary analysis or the confinmation analysis. When 
this criterion cannot be met, quantitation 1s adversely affected because 
of the difficulty in determining where to establish the baseline. 

For a fused silica capillary confirmation (FSCC), there must be 
greater than or equal to 25S resolution (valley) between the 
following pesticide pairs: 

0 
0 
0 
0 

Beta-BHC and delta-BHC 
Dieldrin and 4,4'-DDT 
4,4'-000 and endrin aldehyde 
Endosulfan sulfate and 4,4'-DDT 

All QC specified previously must be adhered to, i.e., the greater than or 
equal to 12 minutes retention time for 4,4'-DOT, and the specified 
criteria for 4,4'-DDT and endrin degradation, linearity, calibration 
factor for standards, and retention time shift for DBC. The retention 
time requirement for 4,4'-DDT does not have to be met if the confinmation 
column is OV-1 or OV-101. 

Begin the confirmation analysis GC sequence with the three concentration 
levels of Evaluation"Standard Mixes A, 8, and C. The exception to this 
occurs when toxaphene and/or the DDT series are confinned and 
quantitated. There are four combinations of pesticides that could occur, 
therefore, the following sequences must be followed depending on the 
situation. 

Toxaphene only. Begin the sequence with Evaluation Mix B to check 
degradation, followed by three concentration levels of toxaphene. 
Check linearity by calculating SRSD. If less than or equal to lO.OS 
RSO, use the appropriate calibration factor for calculation. If 
greater than lO.OS RSD, plot a standard curve and determine the ng 
for each sample in that set from the curve. 

DOT. ODE. DOD only. Begin the sequence with Evaluation Mix B. Then 
inject three concentration levels of a standard containing ODE, ODD. 
and DOT. Calculate linearity and follow the requirements specified 
earlier under the primary GC analysis for each compound to be 
quantitated. 

DDT series and toxaphene. Begin the sequence with Evaluation Mix B. 
Then inject three concentration levels of toxaphene and another three 
levels of the DOT series. Calculate linearity and follow the 
requirements specified under the primary GC analysis for each 
compound to be quantitated. 
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Other pest1c1des/PC8s plus DDT series and/or toxaphene. Begin the 
sequence with Evaluation Standard Mixes A, B, and C. Calculate 
linearity on the four compounds in the Evaluation Standards mixes. 
If DDT and/or one or more of the other compounds are greater than 
10.01 RSD. and/or degradation exceeds the criterion, corrective 
maintenance as outlined earlier should be performed before repeating 
the above chromatography evaluation. If only DDT exceeds the 
linearity criteria and one or more of the DDT series is to be 
quantitated, inject three concentration levels of the DDT series 
(DDT, ODE, DOD) as described in the earlier paragraph (do not repeat 
Evaluation Mix B). If none.of the DDT series is to be quantitated • 
and DDT exceeds the 10.0% RSD, simply record the SRSD on the proper 
form. Anytime toxaphene is to be quantitated follow the instructions ~ 
as given in the paragraph describing toxaph~ne only. 

After the linearity standards are injected, continue the confirmation 
analysis injection sequence with all compounds tentatively identified 
during primary analysis to establish the daily retention time windows for 
the confirmation analysis. Analyze all confirmation standards for a case 
at the beginning, at intervals specified in the following paragraph and at 
the end. Any pesticide outs)de of its established retention time window 
requires immediate investigation and correction before continuing the 
analysis. The analyst must. reanalyze all samples between the standard 
that exceeds the criterion and a subsequent standard that meets the 
criterion • 

Begin injection of samples at this point of the confirmation analysis 
sequence. Analyze groups of five samples with a standard pertaining to 
the samples after each group (Evaluation Mix B is required after the first 
five samples, and every 10 sampl~s thereafter, e.g., after 5, 15, 25, 
etc.). The alternating standard's calibration factors must be within 
15.0% of each other if quantitation is performed. Deviations larger than 
15.0% require the laboratory to repeat the samples analyzed between the 
standard that exceeds the criterion and a subsequent standard that meets 
the criterion. The 15.0% criterion only pertains to compounds being 
quantitated. 

If more than one standard is required to confirm all compounds tentatively 
identified in the primary analysis, include an alternate standard after 
each 10 samples. 

Samples must also be repeated if the degradation of either DDT and/or 
Endrin exceed 20.0% on the intermittent Evaluation Standard Mix B. 
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If the samples are split between two or more instruments, all standards 
and blanks pertaining to those samples must be analyzed on each instrument. 

Inject the method blanks {extracted with each set of samples) on every GC 
and GC column on which the samples are analyzed. 

APPARATUS: 

0 

. 0 

Separatory funnel - 2,000 ml with Teflon• stopcock. 

Drying column - Chromatographic column approximately 400 mm x 19 mm 
i.d., with coarse frit. {Substitution of a small pad of disposable 
Pyrex• glass wool for the fr1t will help prevent cross-contamination 
of sample extracts.) 

o Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kontes 
K-570050-Q25 or equivalent). Calibration must be checked at the 
volumes employed 1n the test. Ground glass stopper 1s used to 
prevent evaporation of extracts. 

0 

0 

0 

0 

Evaporative flask - Kuderna-Danish, 500 ml (Kontes K-57000010500 or 
equivalent). Attach to concentrator tube with springs. 

Snyder co 1 umn - Kuderna-Danish. three-ba l1 macro ( Kontes 
D-503000-0121 or equivalent) • 

Snyder column - Kuderna-Danish, two-ball micro (Kontes D-569001-0219 
or equivalent). 

. 
Chromatographic column for alumina- 8-ml (200 mm X 3 mm i.d.) 
polypropylene column (Kontes D-520160 or equivalent), or 6-ml (150 mm 
x 8-mm i.d.) glass column (Kontes K-420155 or equivalent), or 5-ml 
serological pipettes plugged with a small piece of Pyrex glass wool 
or polyethylene porous disk (Kontes K-420162). 

o Pyrex glass wool - Pre-rinse glass wool with appropriate solvents to 
ensure its cleanliness. 

o Silicon carbide boiling chips -Approximately 10/40 mesh. Heat to 
40o•c for 30 minutes or Soxhlet extract with methylene chloride. 
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Water bath - Heated, with concentric ring cover, capable of 
temperature control (~ 2•c). The bath should be used in a hood. 

Balance- Analytical, capable of accurately weighing tP.0001 g. 

Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35- to 40•c. The N-Evap by Organomation Associates, 
Inc., South Berlin, Massachusetts (or equivalent) is suitable. 

Gas chromatograph - An analytical system complete with gas 
chromatograph and all required accessories including syringes, 
analytical columns, gases, electron capture detector, and strip-chart 
recorder with recording integrator. A data system is required for 
measuring peak areas or peak heights and recording retention times. 

Quantitation and/or confirmation columns: 

Column 1: 6-ft long, 4-mm i.d. glass packed column 
1.5% SP-2250/1.95% SP-2401 on 100/120 Suppelcoport 

Column 2: 6-ft long, 4-mm i.d. glass packed column 
3% SP-2100 on 100/120 Suppelcort 

Column 3: 30~ long, 0.53-mm i.d. fused silica megabore cap 
column 08-5 

Column 4: 30~ long, 0.53-mm i.d. fused silica megabore cap 
column DB-608 

Reagent water - Reagent water is defined as a water in which an interferent is 
not observed at or above the method detection limit of each parameter of 
interest. 

Acetone, hexane, isoctane {2,2,4-trimethylpentane), ~ethylene chloride -
Pesticide quality or equivalent. · 

Sodium sulfate - (ACS) granular, anhydrous. Purify by heating at 4oo•c for 4 
hours in a shallow tray. 

Alumina- Neutral, Super 1 Woelm or equivalent. (Universal Scientific, 
Incorporated, Atlanta, Georgia or equivalent.) Prepare Activity III by adding 
7% (v/w) reagent water to the Super 1 neutral alumina. Tumble or shake in a 
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wrist-action shaker for a minimum of 2 hours or preferably overnight. There 
should be no lumps present. Store in a tightly sealed glass container. A 
25-cycle Soxhlet extraction of the alumina with methylene chloride is required 
if a solvent blank analyzed by the pesticide technique indicates any 
interferences for the compounds of interest. 

Alumina Equivalency Check. Check recovery of all single component 
pesticides following the procedure as outlined under the procedure. The 
percent recovery for all single component pesticides must be greater than 
or equal to 80%, except for endosulfan sulfate, which must be greater than 

/~ or equal to 60%, and endrin aldehyde, which 1s not recovered. The data 
·~ must be retained by the laboratory and made available for inspection 

during on-site evaluations. If the alumina deactivated with 7% (v/w) 
'- reagent water does not prove adequate to remove the BNA surrogates and 

other interferences, the alumina may be deactivated with as much as 9% 
reagent water, so long as the criteria for tribromophenol and the recovery 
of all single component pesticides can be met. 

Sodium hydroxi~e solution (10N)-(ACS). Dissolve 40 g NaOH in reagent water 
and dilute to 100 mL. 

Tetrabutylanmonium (TBA) - Sulfite reagent·. Dissolve 3.39 g 
tetrabutylammonium hydrogen sulfate in 100 mL dist~lled water. To remove 
impurities, extract this solution three times with 20-ml portions of hexane. 
Discard the hexane extracts, and add 25 g sodium sulfite to the water 
~olution. Store the resulting solution, which is saturated with sodium 
sulfite, in an amber bottle with a Teflon-lined screw cap. This solution can 
be stored at room temperature for at least 1 month. 

Pesticide surrogate standard spiking solution. 

The surrogate standard is added to all samples and calibration solutions; 
the compound specified for this purpose is DBC. 

Prepare a surrogate standard spiking solution at a concentration of 
1 ~g/1.00 ml in acetone. Store the spiking solutions at 4•c (!2.C) in 
Teflon-sealed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after 12 months, or sooner, 
if comparison with quality control check samples indicates a problem . 

.............. 
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Sulfuric ac.1d solution (1+1)-(ACS). Slowly add 50 ml H2so4 (sp. gr. 1.84) to 50 mL of reagent water. 

Stock standard solutions (1.00 ~g/ml)- Stock standard solution can be prepared from pure standard materials or purchased as certified solutions. 
Prepare stock standard solutions by accurately weighing about 0.0100 g of pure material. Dissolve the material in toluene, dilute to volume 1n a 10-ml volumetric flask with fsoctane. Larger volumes can be used at the convenience of the analyst. If compound purity 1s certified at 961 or greater, the weight can be used without correction to calculate the concentration of the stock standard. Conmercia lly prepared stock standards can be used at any concentration if they are traceable to EMSL/LV supplied standards. 

Transfer the stock standard solutions into a bottle/vial with Teflon-lined septa. Store at 4•c (±2•t) and protect from light. Stock standard solutions must be replaced after 12 months. or sooner, if comparison with check standards indicate·a problem. 
Pesticide matrix standard spiking solution. Prepare a spiking solution of acetone or methanol that contains the following pesticides in the concentrations specified. 

Pesticide 
lindane 
Heptachlor 
Aldrin 
Dieldrin 
Endrin 
4,4' DDT 

ug/1.0 mL 
0.2 
0.2 
0.2 
0.5 
0.5 
'0. 5 

Matrix spikes are also to serve as duplicates by spiking two 1-L portions from the one sample chosen for spiking. 
Evaluation Standard Mixtures - Prepare working standard mixtures d11uted with hexane containing aldrin. endrin, 4.4'-DDT, and DBC to evaluate the GC column. Prepare three concentration levels as follows: 
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Standard 1. 0. 
EVAL A 
EVAL 8 
EVAL C 

Working Standard Solutions: 

Aldrin 
( ug/ml) 
0.005 
0.025 
0.05 

Endrin 
Cvg/mll 
0.010 
0.050 
0.100 

4,4' DOT 
( ug/mll 
0.010 
0.050 
0.100 

DBC 
ug/ml 
0.010 
0.050 
0.100 

Individual Standard Mixtures -These include all single-component 
organochlorine pesticides as well as the surrogate compound OBC. Two mixtures 
of the individual component standards are prepared to prevent coelution of 
components when using packed columns. Prepare the two individual standard 
mixtures, diluted in hexane, containing the following pesticides in the 
concentrations specified. 

Individual Mix A Individual Mix 8 
Pesticide pg/ml Pesticide pg/ml 
gamma-BHC 0.025 alpha-BHC 0.025 
Heptachlor 0.025 beta-BHC 0.025 
Aldrin 0.025 delta-BHC 0.025 
Heptachlor epoxide 0.025 
Endosulfan I 0.025 

p,pl-ooE o.o5 
Endrin 0.05 

Dieldrin 0.05 
p,pl DDT 0.05 

p,pl-ooo o.o5 
Endosulfan sulfate 0.05 

Endrin aldehyde 0.05 Endrin ketone 0.05 
Endosulfan It 0.05 alpha-chlordane 0.025 
Methoxychlor 0.25 gamma-chlordane 0.025 
Oibutylchlorendate 0.10 Oibutylchlorendate 0.10 

Mult1component Standar~~ -All multicomponent standards, e.g., PCB aroclors, 
toxaphene, and technical chlordane, must be in separate solutions with the 
exception of aroclors 101&/1260. Oibutylchlorendate is also to be included in 
each multicomponent standard mixture. Prepare the following standards in 
hexane at the specified concentrations: 
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PCB 1254 
PCB 1260 

~g/ml 
0.40 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

1 
) 

] 

l 
:J 
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1. Sample Storage and Holding Times 

1.1 Procedures for Sample Storage 

1.1.1 The samples must be protected from light and refrigerated at 
4•c (!2°C) from the time of receipt until extraction and 
analysis. 

1.1.2 After analysis, •xtracts and unused sample volume must be 
protected from light and refrigerated at 4•c !2• for the 
periods specified in the contract schedule. 

l.2 Holding Time 

All samples should be extracted within 1 days of collection and 
completely analyzed within 40 days of extraction. 

2. Sample Extraction - Separatory Funnel 

2.1 Samples may be extracted using separatory funnel techniques. If 
emulsions prevent acceptable solvent recovery with separatory funnel 
extractions, continuous liquid-liquid extraction may be used. The 
separatory funnel extraction scheme described below assumes a sample 
vo 1 ume of 1 L. 

2.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into a 2-L separatory funnel. Check the pH of the sample 
with wide-range pH paper and adjust to between 5 and 9 pH with 10! 
sodium hydroxide and/or 1:1 sulfuric acid solution. (Note; Recovery 
of DBC will be low if pH is outside this range. Alpha-BHC, 
gamma-BHC, Endosulfan I and 11, and endrin are subject to 
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decomposition under alkaline conditions, and therefore may not be 

detected if the pH is above nine). Add 100 ~l of surrogate 

standard spiking solution into the separatory funnel and mix well. 

Add 100 ~l of pesticide matrix spiking solution to each of two 1-l 

portions from the sample selected for spiking. (lf insufficient 

sample is available to perfonm matrix spikes, prepare duplicate 

control spikes, using laboratory reagent water and analyze in lieu of 

the matrix spikes.) 

2.3 Add 60 mL methylene chloride to the separatory funnel and extract the 

sample by shaking the funnel for 2 minutes, with periodic venting to 

release excess.pressure. Allow the organic layer to separate from 

the water phase for a minimum of 10 minutes. lf the emulsion 

interface between layers is more than one-third of the volume of the 

solvent layer, the analyst must employ mechanical techniques to 

complete the phase separation. The optimum technique depends upon 

the sample, and may include: stirring, filtration of the emulsion 

through glass wool, centrifugation, or other physical means. Drain 

methylene.chloride into a 250,.L Erlenmeyer flask. 

2.4 Add a second 60-ml volume of methylene chloride to the sample bottle 

and repeat the extraction procedure a second time, combining the 

extracts in the Erlenmeyer flask. Perform a third extraction in the 

same manner. 

2.5 Assemble a Kuderna-Danish (K-0) concentrator by attaching a 10-mL 

concentrator tube to a 500-ml evaporative flask. Other concentration 

devices or techniques may be used in place of the K-0 if equivalency 

is demonstrated for all pesticides listed in this method. 

2.6 Pour the combined extract through a drying column containing about 

10 em of anhydrous granular sodium sulfate, and collect the extract 

in the K-0 concentrator. Rinse the Erlenmeyer flask and column with 

20 to 30 ml of methylene chloride to complete the quantitative 

transfer. 

2.1 Add one or two clean boiling chips to the evaporative flask and 

attach a three-ball Snyder column. Pre-wet the Snyder column by 

adding about 1 ml methylene chloride to the top. Place the K-D 

apparatus on a hot water bath cao• to 90°C) so that the concentrator 

tube is partially immersed in the hot water and the entire lower 

rounded surface of the flask is bathed with hot vapor. Adjust the 

vertical position of the apparatus and the water temperature as 

required to complete the concentration in 10 to 15 minutes. At the 
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proper rate of distillation, the balls of the column will actively 
chatter but the chambers will not flood with condensed solvent. When 
the apparent volume of liquid reaches 1 mL, remove the K-0 
apparatus. Allow it to drain and cool for at least 10 minutes. 

2.8 Momentarily remove the Snyder column, add 50 mL of hexane and a new 
boiling chip, and re-attach the Snyder column. Pre-wet the column by 
adding about 1 mL of hexane to the top. Concentrate the solvent 
extract as before. The elapsed time of concentration should be 5 to 
10 minutes. When the apparent volume of liquid reaches 1 ml, remove 
the K-D apparatus and allow it to drain and cool at least 10 minutes. 

2.9 Remove the Snyder column, and rinse the flask and its lower joint 
tnto the concentrator tube with 1 to 2 ml of hexane. 

3. Nitrogen Slowdown 

4. 

3.1 Place the concentrator tube in a warm water bath (35.C) and evaporate 
the solvent volume to 0.5 ml using a gentle stream of clean, dry 
nitrogen (filtered through a column of activated carbon). Caution: 
New plastic tubing must not be used between the carbon trap and the 
sample, as it may introduce interferences. The internal wall of the
tube must be rinsed down several times with hexane during the 
operation, and the final volume must be brought to 0.5 ml. During 
evaporation, the tube solvent level must be kept below the water 
level of the bath. The extract must never be allowed to become dry. 

3.2 Dilute the extract to 1 ml with acetone and proceed to Step 5 Alumina 
Column Cleanup. 

Sample Extraction -Continuous LiJuid-Liguid Extractor 

4.1 When experience with a sample from a given source indicates that a 
serious emulsion problem will result, or if an emulsion is 
encountered in Step 2.3 using a separatory funnel, a continuous 
extractor should be used. · 

4.2 Using a 1-L graduated cylinder, measure out a 1-L sample aliquot and 
place it into the continuous extractor. Add 100 ~1 of surrogate 
standard spiking solution into the continuous extractor and mix 
well. Check the pH of the sample with wide-range pH paper and adjust 
the pH to between 5 and 9 with lON sodium hydroxide and/or 1:1 
sulfuric acid solution. 
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4.3 Add 500 ml of methylene chloride to the distilling flask. Add 
sufficient reagent water to ensure proper operation and extract for 
18 hours. Allow to cool, then detach the boiling flask and dry. 
Concentrate the extract as 1n Steps 2.5 through 3.2. 

5. Alumina Column Cleanup 

5.1 Add 3 g of Activity III neutral alumina to the 10-ml chromatographic 
column. Tap the column to settle the alumina. Do not pre-wet the 
alumina. 

5.2 Trarisfer the 1 ml of hexane/acetone extract from Step 3.2 to the top 
of the alumina using a disposable Pasteur pipet. ·Collect the eluate 
in a clean 10-ml concentrator tube. 

5.3 Add 1 ml of hexane to the original extract concentrator tube to rinse 
it. Transfer these rinsings to the alumina column. Elute the column 
with an additional 9 ml of hexane. Do not allow the colymn to go dry 
during the addition and elution of the sample. 

5.4 Concentrate the cleaned-up extract using the nitrogen blowdown 
technique as described -in Step 3.0. adjusting the final volume to 
1.0 ml with hexane. The pesticide/PCB fraction is ready for 
analysis. Store the extracts at 4°C (±2°C) in the dark in 
Teflon-sealed containers until analyses are performed. 

j 
-.J 6. Optional Sulfur Cleanup 

6.1 Transfer the l~L extract from Step 5.4 to a 50-ml clear glass bottle 
or vial with a Teflon-lined screw cap. Rinse the concentrator tube 
with 1 ml of hexane, adding the rinsings to the 50-mL bottle. 

6.2 Add 1 ml of TBA-sulfite reagent·and 2 mL of 2-propanol, cap the 
bottle, and shake it for at least 1 minute. lf the sample is 
colorless or if the initial color is unchanged, and if clear crystals 
(precipitated sodium sulfite) are observed, sufficient sodium sulfite 
is present. If the precipitated sodium sulfite disappears, add more 
crystalline sodium sulfite in approximately 100-m9 portions until a 
solid residue remains after repeated shaking. 
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&.3 Add 5 mL of distilled water and shake the sample for at least 
1 minute. Allow the sample to stand 5 to 10 minutes. Transfer the 
hexane layer (top) to a concentrator ampule and go back to Step 5.4. 

7. Calibration 

7.1 The gas chromatographic system must be calibrated using the external 
standard technique for all columns used for quantitation. 

7.2.1 Prepare calibration standards at a minimum of three 
concentration levels for each parameter of interest by adding 
volumes of one or more stock standards to a volumetric flask 
and diluting to volume with hexane. ·one of the external ' 
standards should be at a concentration near, but above, the MDL 
and the other concentrations found in real samples. or should 
define the working range of the detector. This should be done 
on each quantitation column and each instrument used for this 
analysis. 

7.2.2 Using injections of 2 to 5 ~L of each calibration standard, 
tabulate peak height or area responses against the mass 
injected. The results can be used to prepare a calibration. 
curve for each compound. · 

8. GC-EC Primary Analvsis (Quantitation rna~ be performed on primary or 
confirmation analyses.) 

8.1 Adjust oven temperature and carrier gas flow rates so that the 
retention time for 4,4'-DDT is equal to or greater than 12 minutes. 

8.2 Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 251 
resolution between peaks. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis. When this criterion can not 
be met. quantitat1on is adversely affected because of the difficulty 
in determining where to establish the baseline. 
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8.2.1 Inject 2 to 5 ~L of the sample or standard extract using the 
solvent-flush technique or auto sampler. Smaller (1.0 ~L) 
volumes can be injected only if automatic devices are 
employed. Record the volume injected and the total extract 
volume. 

8.2.2 Inject Individual Standard Mixes A and B and all multi-response 
pesticides/PCBs at the beginning of each 72-hour sequence. 
(See Paragraph 8.2.8.6). To establish the retention time 
window within each 72-hour sequence for the pestic1de/PC8 of 
interest, use the absolute retention time from the above 
chromatograms as the mid-point, and plus or minus three times 
the standard deviation as described earlier in Part 4 of the 
Quality Assurance Section. Individual Standard Mixes A and 8 
are analyzed alternately and intenmittently throughout the 
analysis. Any pesticide outside of its established retention 
time window requires immediate investigation and correction 
before continuing the analysis. 

8.2.3 Sample analysis of extracts can begin when linearity and 
degradation QA/QC requirements spec Hied in the Quality 
Assurance Section are me~. 

8.2.4 NOTE: The 10.0S RSD linearity criterion is ~ required on 
the column(s) being used for pesticide/Pta quant1tation. If a 
column is used for surrogate quantitation only, the 10.0S RSD · 
is required only for DBC. 

8.2.5 Analyze samples in groups of no more than five samples. After 
the analysis of the first group of up to five samples, analyze 
Evaluation Mix B. Analyze another group of up to five samples, 
followed by the analysis of Individual Mix A or B. Subsequent 
groups of up to five samples may be analyzed by repeating this 
sequence, alternately analyzing Evaluation Mix 8 and Individual 
Mix A or B between the groups as shown in Paragraph 8.2.8.6. 
The Pesticide/PCB analytical sequence must end with Individual 
Mix A and 8 regardless of the number of samples analyzed. 
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8.2.6 If a multi response pesticide/PCB is detected in either of the 
preceding groups of five samples, the appropriate 
multiresponse pestic1de/PCB may be substituted ·for Individual 
Mix A or B. All standards listed in Paragraph 8.2.8.6 must be 
included for every sample set and must be analyzed within the 
same 72-hour period as those samples. If the samples are 
split between two or more instruments, the complete set of 
standards must be analyzed on each instrument with the same 
72-hour requirement. All standards must be analyzed before 
the samples to avoid the effects of poor chromatography caused 
by the unsuspected injection of a highly concentrated sample. 

8.2.7 Paragraphs 8.2.8.1 and 8.2.8.5 contain GC perfonman=e 
criteria. lf it is determined during the course of a 72-hour 
sequence that one or more of the criteria have been violated, , 
stop the run and take corrective action. After the corrective 
action has been taken, the 12-hour sequence may be restarted 
as follows: lf a standard violated the criterion, restart the 
sequence with that standard, determine that the criteria have 
been met, and continue with sample analyses according to 
Paragraph 8.2.8.6. If a sample violated the criterion, 
restart the sequence with the standard that would have 
followed that gr~up of samples {thereby preserving the 
sequence of standards in Paragraph 8.2.8.6), determine that 
the criteria have been met, and continue with sample analyses 
according to Paragraph 8.2.8.6. 

8.2.8 If it is determined after the completion of a 72-hour sequence 
that one or more of the criteria have been violated, proceed 
as follows: If a standard violated the criterion, all samples 
analyzed after that standard must be reanalyzed as part of a 
new 72-hour sequence. lf a subsequent standard ir the · 
original sequence met all the criteria, then only those 
samples analyzed between the standard that did n21 mee~ the 
criterion and the standard that did meet the criterion must be 
reanalyzed as part of a new 72-hour sequence. If only samples 
violated the criteria, then those samples must be reanalyzed 
as part of a new 72-hour sequence. 
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8.2.8.1. Differences 1n the calibration factors for each 
standard 1n Individual Standard Mixes A and B must 
not exceed 20.0% {15.0% for any standard compound 
used for quantitation) during the 72-hour primary 
analysis. Calculate the difference using the initial 
individual standard mix versus all subsequent 
individual standard mixes analyzed during the 72-hour 
sequence. 

8.2.8.2 

8.2.8.3 

8.2.8.4 

8.2.8.5 

·The retention time shift of DBC in any standard or 
sample must be less than 2.0% difference for packed 
columns, less than l.SS difference for wide-bore 
capillary columns (i.d. greater than 0.32 mm), and 
less than 0.3% difference for narrow-bore capillary 
columns {i.d. less than 0.32 mm). 

Samples must also be repeated if the degradation of 
DDT and/or endrin exceeds 20.0% respectively on the 
intermittent analysis of Evaluation Standard Mix B . • 

All pesticide standards must fall within the 
established 72-hour retention time windows. 

Highly colored extracts may require a dilution. 
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8.2.8.6 The 72-hour sequence must be as follows. 

72-Hour Sequence for Pesticide/PCB Analysis: 

1. Evaluation Standard Mix A 
2. Evaluation Standard Mix B 
3. Evaluation Standard M1x C 
4. Individual Standard Mix A 
5. Individual Standard Mix B 
6. Toxaphene 
7. Technical Chlordane 
B. Aroclors 1016/1260 
9. Aroclor 1221 

10. Aroclor 1232 
11. Aroclor1242 
12. Aroclor 1248 
13. Aroclor 1254 
14. Five samples 
15. Evaluation Standard Mix B 
16. Five samples 
17. Individual Standard Mix A orB 
18. Five samples 
19. Evaluation Standard Mix B 
20. Five samples 
21. Individual Standard Mix A orB (whichever not run 

in Step 16) 
22. Five samples 
23. Repeat the above sequence starting with Evaluation 

Standard M1x B ( St.ep 14 above) • 
24. Pesticide/PCB analysis sequence must end with 

Individual Standard Mix A and B regardless of 
number of samples analyzed. 

8.3 Evaluation of Chromatograms. 

8.3.1 Consider the sample as negative when its peaks. depending on 
the pesticide's response factor. result in concentrations less 
than the required quantitation level. The sample is complete 
at this point. Confirmation is not required. 

8.3.2 Tentative identification is made when the unknown's retention 
time matches the retention time of a corresponding standard 
that was chromatographed on the same instrument within a 
72-hour period. 
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8.3.3 DeteMmine if any target pesticides/PCBs are present. Pattern 
recognition techniques, based on chromatograms of standards, 
are recommended for the identification of PCB compounds. 

8.3.3.1 If the response for any of these compounds 1s 100% or 
less of full scale, the extract 1s ready for 
confirmation and quant1tat1on. 

8.3.3.2 If the response for any compound is greater than full 
scale, dilute the extract so that the peak will be 
between 50S and 1001 full scale and reanalyze. Also 
use this dilution for confirmation and quantitation. 

8.3.3.3 For dilution greater than 10 fold. Also inject an 
aliquot of a dilution 10-fold more concentrated to 
determine if other compounds of interest are present 
at lower concentrations. 

8.3.3.4 Computer reproductions of chromatograms manipulated 
to ensure all peaks are on scale over a 100-fold 
range are an accepted substitute. However, this can 
be no greater than a 100-fold range. This is to 
prevent retention time shifts by column or detector 
overload. Linearity must be demonstrated over the 
100-fold range using higher concentrations of the 
evaluation mixture. 

8.3.4 Quantitation may be perfonmed on the primary analysis, with 
the exception of toxaphene and possibly the DDT series. If 
DDT exceeds the 10.01 RSO linearity criterion, then 
quantitations for any DOE, ODD, and DOT in a sample must be on 
the confirmation analysis. Toxaphene must always be 
quantitated on the confirmation analysis. See Quality 
Assurance Section for special QC requirements for 
quantitations. 

8.3.5 If identification of compounds of interest are prevented ·by 
the presence of interferences, further cleanup may be required. 

8.3.6 When selecting a GC column for confirmation and/or 
quantitation, be sure that none of the compounds to be 
confirmed/quantitated overlap, e.g., do not select the 3% OV-1 
column if DOE and dieldrin are to be confirmed and/or 
quantitated. 
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9. GC/EC Confirmation Analysis 

9.1 Confirmation analysis confirms the presence of all compounds 
tentatively identified in the primary analysis. 

Therefore, the only standards that are required are the evaluation 
standard mixes (to check linearity and degradation criteria) and 
standards of all compounds to be confirmed. The linearity criterion 
on the confirmation column for pesticides is not required unless the 
column is used for quantitation. The 72-hour sequence in 
Paragraph 8.2.8.& is therefore modified to fit each case. 
Quantitation may be performed on the confirmation analysis. If 
toxaphene or DDT is to be quantitated, additional linearity , 
requirements are specified in Step 9.5.1. 

9.2 Table 3 provides examples of operating conditions for the gas 
chromatograph. Separation should be greater than or equal to 251 
resoluton between peaks. Percent resolution is calculated by 
dividing the height of the valley by the peak height of the smaller 
peak being resolved, multiplied by 100. This criterion must be 
considered when determining whether to quantitate on the primary 
analysis or the confirmation analysis. When this criterion cannot be 
met, quantitation is adversely affected because of the difficulty in 
determining where to establish the baseline. 

9.3 For a fused silica capillary column confirmation, there must be 
greater than or equal to 25% resolution (valley) between the 
following pesticide pairs: 

9.4 

9.5 

o 8eta-BHC and delta-BHr 
o Deildrin and 4,4'-DDT 
o 4,4'-DDD and endrin aldehyde 
o Endosulfan sulfate and 4,4'-DDT 

All QC requirements specified earlier in the Quality Assurance 
Section must be adhered to, i.e .• the greater than or equal 
to 12~inute retention time for 4,4'-DDT, the criteria for 4,4'-DDT 
and endrin degradation, linearity, calibration factor for standards, 
and retention time shift for DBC. The retention time criterion for 
4,4'-DDT does not have to be met if the confirmation column is OV-1. 

Inject 2 to 5 ~L (1 to 2 ~L for capillary columns) of the sample 
extract and standards using the solvent-flush technique or auto 
samples. 

-... _ 

. --.... 
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One-microliter volumes can be injected only 1f automatic devices are 
employed. Record the volume injected and the total extract volume. 
The detector attenuation must provide peak response equivalent to the 
primary analysis response for each compound to be confirmed. 

9.5.1 Begin the confirmation analysis GC sequence with the three 
concentration levels of Evaluation Standard Mixes A, 8, and C. 
The exception to this occurs when toxaphene and/or the DDT 
series are to be confinmed and quantitated. There are four 
combinations of pesticides that could occur; therefore, the 
following sequences must be followed depen.ding on the situation. 

9.5.1.1 Toxaphene only- Begin the sequence with Evaluation 
Mix B to check degradation, followed by three 
concentration levels of toxaphene. Check linearity 
by calculating .SRSD. 

9.5.1.2 If less than or equal to lO.OS RSD, use the 
appropriate equation in Paragraph B for calculation. 
lf greater than lO.OS RSD, plot a standard curve and· 
determipe the ng for each sample in that set from the 
curve . 

. 9.5.1.3 DOT, DOE, ODD only- Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of a standard containing ODE, DOD, and DDT. 
Calculate linearity and follow the requirements 
specified in Paragraph 9.5.1.1 for each compound to 
be quantitated. 

9.5.1.4 DDT series and toxaphene -Begin the sequence with 
Evaluation Mix B. Then inject three concentration 
levels of toxaphene and another three levels of the 
DDT series. Calculate linearity and follow the 
requirements specified in Paragraph 9.5.1.1 for each 
compound to be quantitated. 
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9.5.1.5 Other pesticides/PCBs plus DDT series and/or 
toxaphene - Begin the sequence with Evaluation 
Standard Mixes A. B. and C. Calculate linearity on 
the four compounds in the Evaluation Standard mixes. 
If DDT and/or one or more of the other compounds are 
greater than 10.0% RSO and/or deg_radation exceeds the 
criterion. corrective maintenance should be performed 
before repeating the above chromatography 
evaluations. If only DDT exceeds the linearity 
criterion and one or more of the DDT series is to be 
quantitated, follow Paragraph 9.5.1.3 (do not repeat 
Evaluation Mix B) . 

9.5.1.6 If none of the DDT series is to be quantitated and 
DDT exceeds the 10.0% RSO, simply record the %RSO on 
the proper fonm. Any time toxaphene 1s to be 
quantitated, follow Paragraph 9.5.1.1 • 

9.5.2 After the linearity standards are injected, continue the 
confirmation analysis sequence by injecting standards for all 
compounds tentatively identified in the primary analysis. to 
establish the 72-~our retention time windows. Analyze all 
confirmation standards for a case at the beginning, at 
intervals specified in Step 9.5.3., and at the end. Any 
pesticide outside of its estahlishP.d retention time window 
requires immediate investigation and correction before 
continuing the analysis. The analyst must reanalyze all 
samples which follow the standard that exceeds the criterion. 

9.5.3 After injection of the appropriate standards as described in 
the proceeding paragraph, begin injection of samples. Analyze 
groups of five samples. Analyze Evaluation Mix 8 after the 
first group of five samples. After the second group of five 
sample$, analyze a standard pertaining to the samples in the 
~receeding groups (1.~ •• standard mix containing those 
compounds requiring confirmation). Continue analyzing groups 
of five samples, alternately preceding samples between groups 
of five samples. 

., 
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The alternating standard's calibration factors must be within 
15.01 of each other 1f quantitation is performed. Deviations 
larger than 15.01 require the analyst to repeat the analyses of 
samples which were analyzed after the standard that exceeds the 
criterion. The 15.01 criterion only pertains to compounds 
being quantitated. 

9.5.4 If more than one standard 1s required to confirm all compounds 
tentatively identified 1n the primary analysis, alternate the 
standards with Evaluation Standard Mix B. Samples must also be 
repeated 1f the degradation of either DDT and/or endr1n exceeds 
20.0% on the intermittent Evaluation Standard Mix B. 

If the s~mples are split between two or more instruments, all 
standards and blanks pertaining to those samples must be 
analyzed on each instrument. 

9.5.5 Inject the method blank (extracted with each set of samples) on 
every GC and GC column on which the samples are analyzed. 

9.6 Evaluation of Chromatograms 

9.6.1 A compound tentatively identified in the primary analysis is 
confirmed in the retention time from the confirmation analysis 
falls within the retention time window of a corresponding 
standard that was chromatographed en the same instrument within 
a 72-hour period. 

'-.._./. 

9.6.2 Quantitation should be performed on the column (primary or 
confirmation) that provides the best separation from 
interfering peaks. Note: To determine that no pesticides/PCBs 
are present at or above the contract required quantitation 
limit is a form of quantitation. 

9.6.2.1 Quantitation of Chlordane. Because weathering and/or 
different formulations of chlordane usually modify 
the pattern exhibited by technical chlordane, this 
method is not appropriate for determining technical 
chlordane. Instead, standards for alpha chlordane 
and gamma chlordane are used for quantitation, and 
each isomer of chlordane is reported separately. 
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9.6.3 Computer reproduction of chromatograms that are attenuated to 
ensure that all peaks are on scale over a 100-fold range are 
acceptable. However, this can be no greater than a 100-fold 
range. This is to prevent retention time shifts by column or 
detector overload. Also, peak response must be greater than 
25S of full scale deflection to allow visual pattern 
recognition of multicomponent compounds, and individual 
compounds must be visible. 

9.6.4 If identification of compounds of interest are prevented by the 
presence of interf&rences, further cleanup is required. If 
sulfur is evident, go to Step 6 (Optional Sulfur Cleanup). 

9.6.5 If unknown interferences or poor chromatography are noted only 
in the sample chromatogram, it is recommended that gel 
permeation chromatography cleanup 1s applied. 

9.6.6 Calculate surrogate standard recovery on all samples, blanks, 
and spikes unless the surrogate was diluted out. Determine if 
recovery is within limits and report. 

9.6.7 If target pesticide/PCB compounds were identified in the 
unspiked sample from which the matrix spike and matrix spike 
duplicate were prepared, confirmation analysis is required for 
the matrix spike and matrix spike duplicate. If target 
pest1cide/PC8 compounds were not identified in the unspiked 
sample, confirmation of the matrix spike and matrix spike 
duplicate is not required. · 

10. Calculations 

10.1 Calculate the concentration in the sample using the following 
equation for external standards. Response can be measured by the 
manual peak height technique or by automated peak height or peak area 
measurements from an integrator. 
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10.1.1 Water 

Concentration 

Where: 

(~&giL) • <!xLllsLll+l 
(As) (Vi) (Vs) 

Ax • Response for the parameter to be measured 
As • Response for the external standard 
Vt • Volume of total extract ( 11L) (take into account 

any dilutions) 
Is • Amount of standard injected in nanograms (ng) 
Vi • Volume of extract injected (~&L) 

Vs • Volume of water extracted (ml) 

For multicomponent mixtures (chlordane, toxaphene, and PCB) match 

retention times of peaks in the standard with peaks in the sample. 
Quantitate every identifiable peak (greater than 50S of the total 

area must be used) unless interference with individual peaks persist 

after cleanup. Add peak height or peak area of each identified peak 

1n the chromatogram. Calculate as total response 1n the sample 
versus total response ~ the standard. 

10.3 Calculation of surrogate and matrix spike recove·ries. 

._.;'' 

Percent recovery e ~ X lOOS 
Qa 

·-.......-
Where: 

Qd Quantity determined by analysis 
Qa • Quantity added to sample 
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Compound 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane} 
delta-BHC 
alpha-chlordane 
ganma-ch l ordane 
Technical chlordane 
4,4'-000 
4,4'-DDE 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde . 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
PC8-1016 
PC8-1221 
PC8-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 · 

* Detection limits estimated 

Detection Limit (ug/L) 

0.005 
0.002 
0.003 
0.005 
0.002 
0.003 
0.009 
0.05* 
0.005 
0.005 
0.010 
0.011 
0.004 
0.012 
0.006 
0.007 
0.012 
0.005 
0.006 
0.005 
0.060 
0.10* 
0.04 
0.05* 
0.05* 
0.05* 
0.05* 
0.05* 
0.03 
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Compound 

Aldrin 
alpha-BHC 
beta-BHC 
gamma-BCH (lindane) 
delta-BHC 
alpha-chlordane 
gamma-chlordane 
Technical chlordane 
4.4'-000 
4.4'-DDE 
4.4'-DOT 
Dieldrin 
Endosulfan 1 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

ND Not determined. 
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Spike Level 
(yg/Ll 

Average Recovery 
(yg/L) (%) 

Standard 
Deviation 
(yg/L) 

0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 
0.0125 

NO 
0.025 
0.025 
0.025 
0 ."025 
0.0125 
0.025 
0.025 
0.025 
0.025 
0.025 
0.0125 
0. 0125' 
0.125 

ND 
0.050 

NO 
NO 
NO 
NO 
NO 

0.050 

0.00858 
0.0105 
0.0102 
0.00955 
0.0106 
0.0116 
0.0130 

0.0228 
0.0220 
0.0209 
0.0187 
0.0104 
0.0204 
0.0212 
0.0206 
0.0180 
0.0229 
0.00930 
0.0106 
0.118 

0.0675 

0.0626 

69 
84 
82 
76 
85 
93 

104 

91 
88 
84 
75 
83 
81 
85 
82 
72 
92 
74 
85 
94 

135 

125 

0.00159 
0.000706 
0.000837 
0.00152 
0.000561 
0.000866 
0.00298 

0.00157 
·o.00168 
0.00350 
0.00809 
0.00129 
0.00382 
0.00181 
0.00245 
0.00370 
0.00143 
0.00188 
0.00164 
0.0189 

0. 0101 -

0.0229 
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Table 3.0 

Recommended GC Operating Conditions 

Column 1: COLUMN: 6ft x 4 mm 1.d., 1.51 SP-2250/1.951 
SP-2401 on 100/120 Suplecoport 

TEMP OF: lNJ 200•c, COL 210•c, DET 300•c 
Ar/CH4: 95/5 FLOW RATE 60 mL/minute 
RECORDER: 1 mY full scale: 0.5 em/minute 

Column 2: COLUMN: 6ft x 4 mm 1.d., 31 OV-11 
on 80/100 &AS CHROM Q 

TEMP OF:. lNJ 200•c, COL 210•c, OET 300•c 
Ar/CH4: 95/5 FLOW RATE 60 mL/minute 

RECORDER: 1 ~V full scale; 15 in/hour 

Co 1 umn 3:. COLUMN: 30 m x 0. 53 .nrn i . d. , DB 608 FSOT Mega bore 
TEMP OF: INJ 1so•c, DET 300•c 

PROGRAM: INITIAL TEMP 1so•c, Hold 0 minutes, 
RATE a•ctminute; FINAL TEMP 2so•c, HOLD 16 minutes 

CARRIER &AS: Helium at 6 mL/minute 
MAKE-UP GAS: Nitrogen at 30 mL/minute 
RECORDER: lmV full scale: 10 nm/minute 

Column 4: COLUMN: 30m x 0.53 mm i.~ .• DB 5 Megabore 
TEMP OF: INJ 1so•c, DEr 300•c 

PROGRAM: INITIAL TEMP 1so•c 
RATE 8°C/m1nute; FINAL TEMP 2so•c, HOLD 16 minutes 

CARRIER GAS: Helium at 6.5 mL/minute 
MAKE-UP GAS: Nitrogen at 30 ml/minute 
RECORDER: lmV full scale; 10 mm/minute 
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ASSAY TITLE: Low Level Semivolatile Analysis of Water Samples by 
Gas Chromatography/Mass Spectroscopy 

AREA OF APPLICABILITY: Hazleton laboratories America, Inc. 
Environmental Analysis 

SCOPE: 

This method covers the determination of the priority pollutant and Target 
Compound list (TCL) semivolatile -organics in drinking water sources using gas 
chromatography/mass spectrometry (GCMS). The compounds determined by this 
method are reported with detection limits lower than those generated by the 
standard GCMS semivolatile screen. The standard list of compounds calibrated 
and analyzed for are presented in Table 10 as an attachment. 

PRINCIPLE: 

A 1-l sample is serially extracted with methylene chloride at a pH greater 
than 11 and again at a pH less than 2, using a separatory funnel or continuous 
extraction technique. The methylene chloride extracts are dried and 
concentrated separately and stored at 4°C until instrumental analysis. Just 
prior to analysis the two extracts (>pH 11 and <pH 2) are combined and 
reduced to a final volume of 0.5 ml. The extract is separated by gas 
chromatography and the analytes of interest are measured by a mass 
spectrometer detector in the electron impact mode. 

~·, SENSITIVITY, PRECISION, ACCURACY: 
J 

The method detection limits presented 1n Table 10 represent the sensitivities 
~ that can be achieved in ground water in the absence of interferences. 

Precision and accuracy for this method, as generated from an inhouse 
validation study, is presented in Table 10. 

REFERENCES: 

1. Environmental Protection Agency (EPA) Method 625 (Federal Register 49 
(209): 43385-43406, October 16, 1984). 

2. Environmental Protection Agency (EPA) Contract laboratory Program, 
Statement of Work for •organic Analysis Multi-Media Multi-Concentration", 
October 1986. Revisions: January 1987; February 1987; July 1987; 
August 1987. Exhibits: 8, D, E. 
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The toxicity or carcinogenicity of chemicals used in this method have not been 
precrsely defined; each chemical should be treated as a potential health 
hazard and exposure to these chemicals should be minimized. Each analyst is 
responsible for maintaining awareness of OSHA regulations regarding safe 
handling of chemicals used 1n this method. Additional references to 
laboratory safety are available for the information of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known or suspected, human or mammalian carcinogens: 
benzo(a)anthracene, benzidine, 3,3 1 -dichlorobenzidine, benzo(a}pyrene, 
dibenzo(a,h)anthracene, and N-nitrosod1methylamine. Primary standards of 
these toxic compounds should be prepared in a hood. A NIOSH/MESA approved 
toxic gas respirator should be worn when the analyst handles high 
concentrations of these toxic compounds. 

INTERFERENCES: 

Method interferences may be caused by contaminants 1n solvents, reagents, 
glassware. and other sample processing hardware, that lead to discrete 
artifacts or elevated baselines in the total ion current profiles (TICPs). 
All of these materials must be routinely demonstrated to be free from 
interferences under the conditions of the analysis by running laboratory 
reagent blanks. Matrix interferences may be caused by contaminants that are 
coextracted from the sample. The extent of matrix interferences will vary 
considerably from source to source. 

QUALITY ASSURANCE: 

This section outlines the minimum quality control (QC) operations necessary to 
satisfy the analytical requirements associated with the determination of 
semivolatile organic TCL compounds in water. The QC operations are as follows: 

1. Documentation of GC/MS mass calibration and abundance pattern 
2. Documentation of GC/MS response factor stability 
3. Internal standard response and retention time monitoring 
4. Method blank analysis 
5. Surrogate spike response monitoring 
6. Matrix spike and matrix spike duplicate analysis 

Tuning and GC/MS Mass Calibration 

1. It is necessary to establish that a given GC/MS meets the standard mass 
spectral abundance criteria before initiating any on-going data 
collection. This is accomplished through the analysis of Decafluoro
triphenylphosphine (DFTPP). 
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1.1.1 Each GC/MS system used for the analysis of semivo1atile 
compounds must be hardware-tuned to .aet the abundance 
criteria listed in Table 1 for a 50-ng injection of OFTPP. 
DFTPP may be analyzed separately or as part of the calibration 
standard. The criteria must be demonstrated daily or for each 
12-hour period, whichever is more frequent, before samples can 
be analyzed. DFTPP must be injected to meet this criterion. 

1.1.2 Whenever corrective action is taken that may change or affect 
the tuning criteria for DFTPP (e.g., ion source cleaning or 
repair, etc.), the tune must be verified irrespective of the 
12-hour tuning requirements. 

Table 1. DFTPP Key Ions and Ion Abundance Criteria 

Mass Ion Abundance Criteria 

. 51 
68 
70 

127 
197 
198 
199 
275 
365 
441 
442 
443 

30.0 - 60.0% of mass 198 
Less than 2.0% of mass 69 
Less than 2.0% of mass 69 
40.0 - 60.0% of mass 198 
Less than 1.0% of mass 198 
Base peak. 100% relative abundance 
5.0 - 9.0% of mass 198 
10.0 - 30.0% of mass 198 
Greater than l.QO% of mass 198 
Present but less than mass 443 
Greater than 40.0% of mass 198 
17.0 - 23.0% of mass 442 

Calibration of the GC/MS System 

2. Before the analysis of samples and requfred blanks, and after tuning 
criteria have been met, the GC/MS system must be initially calibrated at a 
minimum of three concentrations to determine the linearity of response 
utilizing TCL compound standards. Once the system has been calibrated, 
the calibration must be verified each 12-hour time period for each GC/MS 
system. 

2.1 Prepare calibration standards to yield the following specific 
concentrations. 

2.1.1 Semivolatile TCL Compounds 

Initial calibration of semivolatile TCL compounds is required 
at 20. 50, and 100 total nanograms. 
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Analyze each calibration standard and tabulate the area of the 
primary characteristic ion (Tables 2 and 3) against concentration for 
each compound including all required surrogate compounds. The 
relative retention times of each compound in each calibration run 
should agree within 0.06 relative retention time units. Late eluting 
compounds usually w111 have much better agreement. 

Using Table 4, calculate the RRF for. each compound at each 
concentration level using Equation 1. 

Where: 

Ax "" 

ex = 

~!._ X Cll 
RRF "" 

Ais 
Equation 1 

Area of the characteristic ion for the compound to be 
measured. 

Area of the characteristic ion for the specific internal 
standards from Tables 2 or 3. 

Concentration of the internal standard (ng/pl). 

Concentration of the compound to be measured {ng/pl). 

2.2.1 Using the relative response factors (RRF) from the initial 
calibration, calculate the SRSD for compounds labeled as 
Calibration Check Compounds and shown in Table 4 using 
Equation 2. 

SRSD = SO x 100 
X 

Where: 

RSD = Relative Standard Deviation 

Equation 2 

SO = Standard Deviation of initial response factors (per 
compound) 

Where: SD = 
N 
I ex; - ;,z 
i = 1 N-1 

x = Mean of initial relative response factors (per compound) 
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The %RSD for each individual Calibration Check Compound (see 
Table 5) must be less than or equal to 30.01. This criteria 
must be met for the initial calibration to be valid. 

A system performance check must be performed to ensure that minimum 
average RRF are met before the calibration curve is used. 

2.3.1 For semivolatiles, the System Performance Check Compounds 
(SPCCs) are: N-Nitroso-01-n-Propylamine, Hexachlorocyclo
pentadiene, 2,4-Dinitropheno1, and 4-Nitrophenol. The 
minimum acceptable average RRF for these compounds is 0.050. 
SPCCs typically have very low RRFs (0.1 - 0.2) and tend to 
decrease in response as the chromatographic system begins· to 
deteriorate or the standard material begins to deteriorate. 
These compounds are usually the first to show poor 
performance. Therefore, they must meet the minimum 
requirement when the system is calibrated . 

2.3.2 The initial calibration is valid only after both the %RSD for 
CCC compounds and the minimum RRF for SPCC have been met. 
Only after both these criteria are met can sample analysis 
begin. 



Characteristic 

Parameter 

Phenol 
'i~ bis(-2-Chloroethyl)Ether 
'-;.#' 

2-Chlorophenol 
1,3-Dichlorobenzene 

"- 1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(-2-Chloroisopropyl}Ether 
4-Methylphenol 
N-Nitroso-di-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitropheno1 
2,4-Dimethy1pheno1 
Benzoic acid 

~~' bis{-2-Ch1oroethoxy)Hethane 
s-) 2,4-Dichloropheno1 

1,2,4-Trich1orobenzene 
'-- Naphthalene 

4-Ch1oroanil ine 
Hexachlorobutadiene 
4-Chloro-3-Methylpheno1 
2-Methy1naphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trich1orophenol 
2-Chloronaphtha1ene 
2-Nitroan il i ne 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-0initrophenol 
4-Nitropheno 1 
Oibenzofuran 
2,4-0initrotoluene 
2,6-0initroto1uene 
Diethy1phtha1ate 
4-Chlorophenyl-phenylether 

Table 2 
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Ions for Semivolatile Ttl Compounds 

Primary ton Secondary lon(s} 

94 65, 66 
93 63, 95 

128 64, 130 
146 148, 113 
146 148, 113 
108 79, 77 
146 148, 113 
108 107 

45 77, 79 
108 107 

70 42, 101. 130 
117 201, 199 

77 123,65 
82 95, 138 

139 65, 109 
107 121. 122 
122 105,77 

93 95, 123 
162 164, 98 
180 182, 145 
128 129. 127 
127 129 
225 223, 227 
107 144, 142 
142 141 
237 235, 272 
196 198, 200 
196 198, 200 
162 164, 127 

65 92, 138 
163 194, 164 
152 151, 153 
138 108' 92 
153 152' 154 
184 63. 154 
109 139' 65 
168 139 
165 63, 182 
165 89, 121 
149 177. 150 
204 206, 141 
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Characteristic Ions for Semivolat11e TCL Compounds 

Parameter 

Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-N-Butylphtha1ate 
Fluoranthene 
Pyrene 
Butylbenzylphtha1ate 
3,3'-Dichlorobenzidine 
Benzo(a)Anthracene 
bis(2-Ethylhexyl)Phtha1ate 
Chrysene 
Di-N-Octyl phthalate 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 
Benzo(a)Pyrene 
Indeno(1,2,3-cd)Pyrene 
Dibenz(a, h)Anthracene 
Benzo(g, h, 1) Pery1ene 

Primary Ion 

166 
138 
198 
169 
248 
284 
266 
178 
118 
149 
202 
202 
149 
252 
228 
149 
228 
149 
252 
252 
252 
276 
278 
276 

Secondary lon(s) 

165, 167 
92. 108 
182. 11 

168, 167 
250, 141 
142, 249 
264, 268 
119, 116 
179, 176 
150, 104 
101. 100 
101, 100 
91, 206 

254, 126 
229, 226 
167, 279 
226, 229 

253, 125 
253, 125 
253, 125 
138, 227 
139. 279 
138, 217 
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Characteristic Ions for Surrogates and 
Internal Standards for Semivolatile Compounds 

Phenol-ds 
2-Fluorophenol 
2,4,6-Tribromopheno1 
d-5 Nitrobenzene 
2-Fluorob1pheny1 
Terphenyl 

1,4-D1chlorobenzene-d4 
Naphthalene-de 
Acenaphthene-d10 
Phenanthrene-d1o 
Ch rysene-d1 o 
Perylene-d12 

Primary Ion 

Surrogates 

99 
112 
330 
82 

172 
244 

Internal Standards 

152 
136 
164 
188 
240 
264 

Secondary Ion(s) 

42. 71 
64 

332. 141 
128, 54 

171 
122. 212 

115 
68 

162, 160 
94, 80 

120, 236 
260, 265 
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Table 4 

Semivol a tile Internal Standards with Corresponding TCL Analytes Assigned for Q.uant1 tat ion 

1 ,4-Dichlorobenzene~d Naphthalene-d Acenaphthene-d Phenanthrene-d Chrysene-d Perylene-d 

Phenol Nitrobenzene Hexachlorocyclo- 4,6-Dinitro-2- Pyrene 01-n-octyl 
bis(2-chloroethyl) Isophorone pentadiene methyl phenol Butyl benzyl phthalate 

ether 2-Ni trophenol 2,4,6-Trichloro- N-nitrosodi- phthalate Benzo(b)fluor-
2-Chlorophenol 2,4-0imethyl- phenol phenyl amine 3,3'Dichloro- anthene 
1 ,3-Dichlorobenzene phenol 2,4,5-Trichloro- 1 ,2-Diphenylhy- benzidine Benzo(k )fluor-
1 ,4-0ichlorobenzene Benzoic acid phenol drazine Benzo(a)- anthene 
Benzyl alcohol bis(2-Chloro- 2-Chloronaphthalene ·4-Bromophenyl anthracene Benzo(a )pyrene 
1 ,2-llich1orobenzene ethoxy )methane 2-Nitroani1ine phenyl ether bis(2-ethyl- Indeno(1,2,3-c 
2-Methy1 pheno 1 2,4-Uich1oro- Dimethyl phthalate Hexachloro- hexyl )phthalate pyrene 
bis(2-Chloroiso- pnenol AcenaphU:yl ene benzene Chrysene D1benz(a. h) 

propyl )ether 1 ,2,4-Trichloro- 3-Ni troanil i ne Pentachloro- Terphenyl-d14 anthracene 
4-Methylphenol benzene Acenaphthene phenol (surr) Benzo ( g ,h ,1 ) 
N-nitroso-Di-n- Naphthalene 2,4-Dinitrophenol Phenanthrene perylene 

propyl amine 4-Chl oroanil ine 4-Nitrophenol Anthracene 
Hexachloroethane Hexachloro- Dibenzofuran Di-n-butyl 
2-Fluorophenol butadiene 2,4-Dinitrotoluene phthalate 

(surr) 4-Ch1oro-3- 2,6-llinitrotoluene Fluoranthene 
Phenol-d6 (surr) methyl phenol Oiethyl phthalate 

2-Methyl naphth- 4-Chlorophenyl-
alene phenyl ether 

Nitrobenzene-ds Fluorene 
(surr) 4-Ni troanil ine 

2-Fluorobiphenyl 
(surr) 

2,4,6-Tribromo 
phenol 

( 
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2.4 Continuing Calibration 

A calibration standard(s) containing all semivolatile TCL compounds, 
including all required surrogates, must be analyzed each 12 hours 
during analysis. Compare the RRF data from the standards each 
12 hours with the average RRF from the initial calibration for a 
specific instrument. A system performance check must be made each 
12 hours •. If the SPCC criteria are met, a comparison of relative 
response factors is made for all compounds. This is the same check 
that is applied during the initial calibration. If the minimum RRFs 
are not met, the system must be evaluated and corrective action must 
be taken before sample analysis begins. 

2.4.1 

2.4.2 

Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the from 
end of the analytical column. and active sites 1n the column 
or chromatography system. This check must be met before 
analysis begins. The minimum RRF for semivolatile SPCC is 
0.050. 

Calibration Check Compounds (CCC) 

After the system perfonmance check is met, CCCs listed in 
Table 5 are used to check the validity of the initial 
calibration. Calculate the pertent difference using 
Equation 2.3. 

% Difference.= 

Where: 

RRFI _ RRFc 

RRFJ 
Equation 3 

RRFJ ~ Average response factor from initial calibration 

RRFc = Response factor from current verification check 
standard. 

2.4.2.1 If the percent difference for any compound is greater 
than 20%, the laboratory should consider this a 

·warning limit. If the percent difference for each 
CCC is less than or equal to 30%, the initial 
calibration is assumed to be valid. If the criteria
are not met (>30% difference), for any one 
calibration check compound, corrective action MUST be 
taken. 
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Table 5 Calibration Check Compounds 

Base/Neutral Fraction 

Acenaphthene 
1,4-Dichlorobenzene 
Hexachlorobutadiene 
N-Nitroso-di-n-phenylamine 
01-n-octylphthalate 
Fl uoranthene 
Benzo(a)pyrene 

Acid Fraction 

4-Chloro-3-Methylphenol 
2,4-Dichlorophenol 
2-Nitrophenol 
Phenol 
Pentachlorophenol 
2,4,6-Trichlorophenol 

Continuing calibration: 20 ng except for the following: 
Benzoic acid, 2,4-Dinitrophenol, 2,4,5-trichlorophenol, all three 
n1troan111ne isomers, 4-Nitrophenol, 4,6-01n1tro-2~ethylphenol, 
and pentachlorophenol which are to be injected at 50 ng. 

2.5 Documentation 

Calculate and report the RRF and percent difference (%0) for all 
compounds. Ensure that the minimum RRF for semivolatile SPCCs is 
0.050. The %0 for each CCC compound must be less than or equal to 
30.0% . 

3. Internal Standard Evaluation 

Internal standard responses and retention times in all samples must be 
evaluated during or immediately after data acquisition. If the retention 
time for any internal standard changes by more than 30 seconds rr~m the 
latest daily (12 hour) calibration standard, the chromatographic system 
must be inspected for malfunctions, and corrections made as required. The 
EICP of the internal standards must be monitored and evaluated for each 
sample, blank, matrix spike, and matrix spike duplicate. If the EICP area 
for any internal standard changes by more than a factor of two (-50% to 
+100%), the mass spectrometric system must be inspected for malfunction 
and corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning is 
necessary. 

Method Blank Analysis 

4. A method blank is a volume of deionized, distilled laboratory water, 
carried through the entire analytical scheme (extraction, concentration, 
and analysis). The method blank volume must be approximately equal to the 
sample volumes or sample weights being processed. 

4.1 A method blank is performed with every 20 samples processed and/or 
whenever samples are extracted, whichever is most frequent. 
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5. Surrogate standard determinations are performed on all samples and 
blanks. All samples and blanks are fortified with surrogate spiking 
compounds before purging or extraction in order to monitor preparation and 
analysis of samples. 

5.1 Each sample, matrix spike, matrix spike duplicate, and blank are 
spiked with surrogate compounds before extraction. The surrogate 
spiking compounds shown in Table 6 are used to fortify each sample, 
matrix spike, matrix spike duplicate, and blank with the proper 
concentrations. Performance based criteria are generated from 
laboratory results. Therefore, deviations from the spiking protocol 
will not be permitted. 

Table 6 Surrogate Spiking Compounds 

Compounds Amount in Sample 
Fraction Water (ug) 

Nitrobenzene-ds 
2-Fluorobiphenyl 
p-Terphenyl-d14 
Phenol-ds 
2-Fl uoropheno 1 
2,4,6-Tribromophenol 

SNA 
BNA 
BNA 
SNA 
BNA 
BNA 

25 
25 
25 
50 
50 
50 

5.2 Surrogate sp~ke recovery must be evaluated by determining whether the 
concentration (measured as percent recovery) falls inside the 
recovery limits listed in Table 7. 

Table 7 Required Surrogate Spike Recovery Limits 

Fraction Surrogate Compound Water 

BNA Nitrobenzene-d5 35-114 
BNA 2-Fluorobiphenyl 43-116 
BNA p-Terphenyl-d14 33-141 
BNA Pheno 1-d5 10-94 
BNA 2-Fluorophenol 21-100 
BNA 2,4,6-Tribromophenol 10-123 
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The analyst must take the actions listed below if either of the 
following conditions exists: 

o Recovery of any one surrogate compound in either base neutral or 
acid fraction is below 10%. 

o Recoveries of two surrogate compounds in either base neutral or 
acid fractions are outside surrogate spike recovery limits. 

5.3.1 The analyst shall document (in this instance, document 
means to write down and discuss the problem and . 
corrective action taken in the Case Narrative) deviations 
outside of acceptable quality control limits and take the 
following actions: 

5.3.1.1 Check calculations to ensure that there are no 
errors; check internal standard and surrogate 
spiking solutions for degradation, 
contamination, etc., also check instrument 
performance. 

5.3.1.2 If the steps in 5.3.1.1 fail to reveal a 
problem, then reanalyze the extract. If 
reanalysis of the extract solves the problem, 
then the problem was within the analyst's 
control. Therefore, only submit data from the 
analysis with surrogate spike recoveries within 
the control windows. This shall be considered 
the initial analysis and shall be reported as 
such on all data deliverables. 

5.3.1.3 If the steps in 5.3.1.2 fail to solve the 
problem, then reextract and reanalyze the 
sample. If the reextraction and reanalysis 
solves the problem, then the problem was in the 
analyst's control. Therefore, only submit data 
from the extraction and analysis with surrogate 
spike recoveries within the control windows. 
This shall be considered the initial analysis 
and shall be reported as such on all data 
deliverables. 

5.3.1.4 If the reextraction and reanalysis of the sample 
does not solve the problem, i.e., surrogate 
recoveries are outside the control windows for 
both analyses, then submit the surrogate spike 
recovery data and the sample data from both 
analyses. Distinguish between the initial 
analysis and the reanalysis on all data 
deliverables. 
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The laboratory shall report surrogate recovery data for the following: 

o Method blank analysis 
o Sample analysis 
o Matrix spike/matrix spike duplicate analysis 
o All sample reanalyses that substantiate a matrix effect 

Matrix Spike/Matrix Spike Duplicate Analysis (MS/MSDl 

6.1 MS/MSD Frequency of Analysis 

A matrix spike and matrix spike duplicate must be perfon.ed for each 
group of samples of a similar matrix, once: 

o Each case of field samples received, OR 
o Each 20 field samples in a case, OR 

whichever is most frequent. 

6.2 Use the compounds listed in Table 8 to prepare matrix spiking 
solutions. Optional dilution steps must be accounted for when 
calculating percent recovery of the matrix spike and matrix spike 
duplicate samples. 

Table 8 Matrix Spiking Solutions 

Spike Spike 
Base/Neutra 1 s Amount Acids Amount 

(p (pg) 

1,2,4-Trichlorobenzene 25 Pentachlorophenol 50 
Acenaphthene 25 Phenol 50 
2,4-Dinitrotoluene 25 2-Chlorophenol 50 
Pyrene 25 4-Chloro-3-Methyl- 50 
1,4-Dichlorobenzene phenol 

25 4-Nitrophenol 50 

6.2.1 Samples requiring optional dilutions and chosen as the matrix 
spike/matrix spike duplicate samples, must be analyzed at the 
same dilution as the original unspiked sample. 
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&.3 Individual component recoveries of the matrix spike are calculated 
using Equation 4 

Matrix Spike Percent Recovery 

Where: 

SSR = Spike sample results. 
SR = Sample result. 

= SSR - SR x 100 
SA 

SA = Spike added from spiking mix. 

Equation 4 

&.4 Relative Percent Difference (RPD) 

6.5 

The analyst is required to calculate the relative percent difference 
between the matrix spike and matrix spike duplicate. The relative 
percent differences (RPD) for each component are calculated using 
Equation 5 . 

RPD = x 100 

Where: 

RPD = Relative percent difference 
o1 = First sample value 
D2 = Second sample value (duplicate) 

Equation 5 

The matrix spike (MS) results (concentrations) for nonspiked 
semivolatile TCL compounds shall be reported and the matrix spike 
percent recoveries shall be summarized (Table 9). 

Fraction 

BN 
BN 
BN 
BN 
BN 
BN 
Acid 
Acid 
Acid 
Acid 
Acid 

Table 9 Matrix Spike Recovery Limits 

Matrix Spike Compound 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dinitrotoluene 
Pyrene 
N-Nitroso-Di-n-Propylamine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2-Chlorophenol 
4-Chloro-3-Hethylphenol 
4-Nitrophenol 

Water 

39-98 
46-118 
24-96 
26-127 
41-116 
36-97 
9-103 
12-89 
27-123 
23-97 
10-80 
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o Drying column - 19 mm 10 chromatographic column with coarse frit. 
(Substitution of a small pad of Pyrex glass wool for the frit will prevent 
cross contamination of sample extracts.) 

o Concentrator tube - Kuderna-Danish, 10 ml, graduated (Kontes K-570050-1025 
or equivalent). Calibration must be checked at the volumes employed in 
the test. Ground glass stopper is used to prevent evaporation of extracts. 

o Evaporative flask - Kuderna-Danish, 500 ml (Kontes K-570001 0500 or 
equivalent). Attach to concentrator tube with springs. 

o Snyder column - Kuderna-Danish, three-ball macro {Kontes K503000 0121 or 
equivalent). 

o Snyder column - Kuderna-Danish, two-ball micro (Kontes K569001 0219 or 
equivalent). 

o Vials - amber glass, 2 ml capacity with Teflon-lined screw-cap. 

o Continuous liquid-liquid extractors -equipped with Teflon or glass 
connecting joints and stopcocks requiring no lubrication {Hershberg~olf 

--. Extractor-Ace Glass Company, Vineland, NJ, P/N 6841-10 or equivalent) . .... 
,.J 

o Silicon carbide boiling chips -approximately 10/40 mesh. Heat to 400°C 
for 30 minutes or Soxhlet extract with methylene chloride. 

o Water bath - heated, with concentric ring cover, capable of temperature 
control {±2°C). The bath should be used in a hood. 

o 3.4 Balance- analytical, capable of accurately weighing ±0.0001 g. 

o 3.5 Nitrogen evaporation device equipped with a water bath that can be 
maintained at 35-40°C. The N-Evap by Organomation Associates, Inc., 
South Berlin, Maryland {or equivalent) is suitable. 

o Gas chromatograph/mass spectrometer system. 

o Gas chromatograph - an analytical system complete with a temperature 
programmable gas chromatograph suitable for splitless injection and all 
required accessories including syringes, analytical columns, and gases. 

o Column - 30m x 0.25 mm ID (or 0.32 mm) bonded-phase silicone coated fused 
silica capillary column (J&W Scientific DB-5 or equivalent). A film 
thickness of 1.0 micron is recommended because of its larger capacity. A 
film thickness of 0.25 micron may be used. 



! 
1 

I 
t 

I 
I 
J 

j -~ ·.y. 
l 

~ 

1 

1 
' 

l 
I 

_ .. _ ., 

i ,.:_) 

) 

1 
'I 

J 

' 

MP-LDLS-MA 
PAGE 18 OF 28 
DATE: 
REPLACES: Original 
SECTION: 6004 

o Mass spectrometer - capable of scanning from 35 to 500 amu every 1 second 
or less. utilizing 70 volts (nominal) electron energy in the electron 
impact ionization mode and producing a mass spectrum which meets all 
required criteria when 50 ng of decafluorotriphenylphosphine (DFTPP) is 
injected through the GC inlet. 

o NOTE: DFTPP criteria must be met before any sample extracts are 
analyzed. Any samples analyzed when OFTPP criteria have not been met will 
require reanalysis. 

o Data system - a computer system must be interfaced to the mass 
spectrometer that allows the continuous acquisition and storage on machine 
readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer must-have software that allows 
searching any GC/MS data file for ions of a specific mass and plotting 
such ion abundances versus time or scan n~mber. This type of plot is 
defined as an Extracted Ion Current Profile (EICP). Software must also be 
available that allows integrating the abundance in any EICP between 
specified time or scan number limits. 

REAGENTS: 

o Reagent water - reagent water is defined as a water in which an 
interferent is not observed at or above the method detection limit of each 
parameter of interest. 

o Sodium hydroxide solution (lON) - dissolve 40 g NaOH in reagent water and 
dilute to 100 ml. 

o Sodium thiosulfate - (ACS) granular. 

o Sulfuric acid solution (1+1) -slowly add 50 ml of H2S04 (sp gr.l.84) 
to 50 ml of reagent water. 

o Acetone, methanol, methylene chloride- pesticide quality or equivalent. 

o Sodium sulfate - (ACS) powdered, anhydrous. Purify by heating at 400°C 
for four hours in a shallow tray, cool in a desiccator. and store in a 
glass bottle. Baker anhydrous powder, Catalog No. 73898 or equivalent. 

o Surrogate standard spiking solution. 

o Surrogate standards are added to all samples and calibration solutions; 
the compounds specified for this purpose are phenol-d6, 
2,4,6-tribromophenol, 2-fluorophenol, nitrobenzene-ds, terphenyl-dl4• 
and 2-fluorobiphenyl. 
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o Prepare a surrogate standard spiking solution that contains the 
base/neutral compounds at a concentration of 100 ~g/mL, and the acid 
compounds at 200 ~g/mL. Store the spiking solutions at 4°C (±2°C) in 
Teflon-sea1ed containers. The solutions should be checked frequently for 
stability. These solutions must be replaced after twelve months, or 
sooner if comparison with quality control check samples indicates a 
problem. 

o BNA Matrix standard spiking solution. The matrix spike solution consists 
of: 

Base/Neutrals 

1,2,4-trichlorobenzene 
acenaphthene 
2,4-dinitrotoluene 
pyrene 
N-nitroso-di-n-propylamine 
1,4-dichlorobenzene 

Acids 

pentachlorophenol 
phenol 
2-ch 1 oropheno 1 
4-chloro-3-methylphenol 
4-nitrophenol 

o Prepare a spiking solution that contains each of the base/neutral 
compounds above at 100 ~g/1.0 ml in methanol and the acid compounds at 
200pg/1.0 mL in methanol. 

o Internal standards- 1,4-dichlorobenzene-d4, naphthalene-de, 
acenaphthene-dlO• phenanthrene-dlO• chrysene-dl2• perylene-dl2· 
An internal standard solution can be prepared by dissolving 200 mg of each 
compound in 50 mL of methylene chloride. It may be necessary to use 5 -
10% benzene or toluene in this solution and a few minutes of ultrasonic 
mixing in order to dissolve all the constituents. The resulting solution 
will contain each standard a concent~ation of 4,000 ng/pL. A 10-pL 
portion of this solution should be added to each 1 mL of sample extract 
(5 pl to 0.5 mL). This will give a concentration of 40 ng/pl of each 
constituent. 

o Prepare calibration standards at three concentration levels. Each 
calibration standard should contain each compound of interest and each 
surrogate standard. 

NOTE: Great care must be taken to maintain the integrity of all standard 
solutions. Store all standard solutions at -10° to -20°C in 
screw-cap amber bottles with Teflon-liners. Fresh standards 
should be prepared every 12 months at a minimum. The continuing 
calibration standard should be prepared weekly and stored at 4°C 
Ct2°C). 
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1. Sample Storage and Holding Times 

1.1 Procedures for Sample Storage 
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1.1.1 The samples must be protected from light and refrigerated at 
4°C (±2°C) from the time of receipt until extraction and 
analysis. 

1.2 Holding Times 

2.1 The extraction of water samples shall be completed within 5 days of 
sample receipt or within 7 days of sample collection. 

2. Sample Extraction - Separatory Funnel 

2.1 Samples are extracted using separatory funnel techniques. The 
separatory funnel extraction scheme described below assumes a sample 
vo 1 ume of 1-l. 

2.2 Using a 1-l graduated cylinder, measure out a 1-L sample aliquot and 
place it into a 2-l separatory funnel. Add 250 pl of surrogate 
standard spiking solution into the separatory funnel and mix well. 
Add 250 pl of BNA matrix spiking solution to each of two 1-l 
portions from the sample selected for spiking. Check the pH of the 
sample with wide range pH paper and adjust to pH> 11 with 10~ sodium 
hydroxide. 

2.3 Add 60 ml of methylene chloride to the separatory funnel and extract 
the sample by shaking the funnel for 2 minutes, with periodic venting 
to release excess pressure. Allow the organic layer to ~~~Jrate from 
the water phase for a minimum of 10 minutes. If the emulsion 
interface between layers is more than one-third the volume of the 
solvent layer, the analyst must employ mechanical techniques to 
complete the phase separation. The optimum technique depends upon 
the sample, and may include: stirring, filtration of the emulsion 
through glass wool centrifugation, or other physical methods. 
Collect the methylene chloride extract in a 250-ml Erlenmeyer flask. 

2.4 Add a second 60-ml volume of methylene chloride to the sample bottle 
and repeat the extraction procedure a second time, combining the 
extracts in the Erlenmeyer flask. Perform a third extraction in the 
same manner. label the combined extract as the base/neutral fraction. 

2.5 Adjust the pH of the aqueous phase to less than 2 using sulfuric acid 
(1 +- 1). Serially extract three times with 60-ml aliquots of 
methylene chloride, as per Paragraph 5.3. Collect and combine the 
extracts in a 250 ml Erlenmeyer flask and label the combined extract 
as the acid fraction. 
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2.6 Assemble a Kuderna-Danish (K-0) concentrator by attaching a 10-ml 
concentrator tube to a 500-ml evaporative flask. 

2.7 Transfer the individual base/neutral and acid fractions by pouring 
extracts through separate drying columns containing about 10 em of 
anhydrous granular sodium sulfate, and collect the extracts in the 
separate K-0 concentrators. Rinse the Erlenmeyer flasks and columns 
with 20 to 30 ml of methylene chloride to complete the quantitative 
transfer. 

2.8 Add one or two clean boiling chips and attach a three-ball Snyder 
column to the evaporative flask. Pre~et the Snyder column by adding 
about 1 ml methylene chloride to the top of the column. Place the 
K-D apparatus on a hot water bath (80° to 90°C) so that the 
concentrator tube is partially immersed in the hot water, and the 
entire lower rounded surface of the flask is bathed with hot vapor. 
Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 10 to 
15 minutes. At the proper rate of distillation, the balls of the 
column will actively chatter but the chambers will not flood with 
condensed solvent. When the apparent volume of liquid reaches 1 ml, 
remove the K-0 apparatus from the water bath and allow it to drain 
and cool for at least 10 minutes. Remove the Snyder column and rinse 
the flask and its lower joint into the concentrator tube with 1-2 ml 
of methylene chloride. A 5-ml syringe is recommended for this 
operation. 

2.9 Micro Snyder column technique -add another one or two clean boiling 
chips to the concentrator tube and attach a two-ball micro Snyder 
column. PrP-wet the Snyder column by adding about 0.5 ml of 
methylene chloride to the top of the column. Place the K-0 apparatus 
on a hot water bath (80° to 90°C) so that the concentrator tube is 
partially immersed in the hot water. Adjust the vertical position of 
the apparatus and the water temperature as required to complete the 
concentration in 5 to 10 minutes. At the proper rate of distillation 
the balls of the column will actively chatter but the chambers will 
not flood with condensed solvent. When the apparent volume.of liquid 
reaches about 0.5 ml, remove the K-0 apparatus from the water bath 
and allow it to drain for at least 10 minutes while cooling. Remove 
the Snyder column and rinse its flask and its lower joint into the 
concentrator tube with 0.2 ml of methylene chloride. Adjust the 
final volume to 1.0 ml with methylene chloride. If GC/MS analysis 
will not be performed immediately, stopper the concentrator tube and 
store refrigerated. If the extracts will be stored longer than 
2 days, they should be transferred to individual Teflon-sealed 
screw-cap bottles and labeled base/neutral or acid fraction, 
appropriate. 
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3. Calibration 

3.1 Each GC/MS system must have the hardware tuned to meet the criteria 
listed in Table 1 for a 50-ng inj~ction of decafluorotriphenyl 
phosphine (DFTPP). No sample analyses can begin until all these 
criteria are met. This criteria must be demonstrated each 12-hour 
shift. DFTPP has to be injected to meet this criterion. 
Post-acquisition manipulation of abundances is not acceptable. 

3.2 The internal standards should permit most components of interest in a 
chromatogram to have retention times of 0.80 to 1.20 relative to the 
internal standards. Use the base peak ion from the specific internal 
standard as the primary ion for quantification (Table 2.2). If 
interferences are noted, use the next most intense ion as the 
secondary ion, i.e., for 1,4-dichlorobenzene-d4 use m/z 152 for 
quantification. 

3.2.1 The internal standards are added to all calibration standards 
and all sample extracts just prior to analysis by GC/MS. A 
10-pl aliquot of the internal standard solution should be 
added to a 1-ml aliquot of calibration standards. 

3.3 Analyze 1 pl of each calibration standard and tabulate the area of 
the primary characteristic ion against concentration for each 
compound including the surrogate compounds. Calculate relative 
response factors (RRF) for each compound using Equation 1. 

AL x C;s 
RRF = 

A;s Cx 
Equation 1 

Where: 

Ax = Area of the characteristic 
measured. 

ion for the compound to 

A;s = Area of the characteristic ion for the specific 
internal standard from Table 3. 

C;s = Concentration of the internal standard (ng/pl). 

ex = Concentration of the compound to be measured 
(ng/pl). 

be 
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3.3.1 The average relative response factor (RRF) should be 
calculated for all compounds. A system perfonmance check must 
be made before this calibration curve 1s used. Four compounds 
(the system perfonmance check compounds) are checked for a 
minimum average relative response factor. These compounds 
(the SPCC) are N-nitroso-d1-n-propylamine, hexachlorocyclo
pentadiene, 2,4-dinitrophenol, 4-nitrophenol. 

3.3.2 A % relative standard deviation (%RSD) is calculated for 
11 compounds labeled the calibration check compounds (CCC) on 
Form VI SV and in Table 2.3. a maximum %RSD is also specified 
for these compounds. These criteria must be met for the 
calibration curve to be valid. 

3.4 A check of the calibration curve must be performed once every 
12 hours during analysis. These criteria are described in detail 
under the Quaity Assurance section of this method. The minimum RRF 
for the system performance check compounds must be checked. If this 
criteria is met, the RRFs of all compounds are calculated. A percent 
difference of the daily (12 hour) RRF compared to the average RRF 
from the initial curve is calculated. A maximum percent difference 
of 30% is allowed for each compound flagged as •ccc•. Only after 
both these criteria are met can sample analysis begin. 

3.5 Internal standard responses and retention times in all standards must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) calibration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as required. The EICP of the internal standards 
must be monitored and evaluated for each standard~ If the EICP area 
for any internal standard changes by more than a factor of two 
(-50% to +100%), the mass spectrometric system must be inspected for 
malfunction and corrections made as appropriate. When corrections 
are made, reanalysis of samples analyzed while the system was 
malfunctioning is necessary. 

4. GCMS Analysis 

4.1 The following instrumental parameters are required for all 
performance tests and for all sample analyses: 

Electron energy - 70 volts (nominal) 
Mass range - 35 to 500 amu 
Scan time - not to exceed 1 second/scan 

4.2 Combine the base/neutral extract and the acid extract and concentrate 
or adjust for a final volume of 0.5 ml. 
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4.3 Internal standard solution (5 ~L) is added to each sample extract. 
Analyze the extract by GC/MS using a bonded-phase silicone-coated 
fused silica capillary column. The recommended GC operating 
conditions to be used are as follows: 

Initial column temperature hold - 40°C for 4 minutes 
Column temperature program - 40-270•c at 10•/minute 
Final column temperature hold - 21o•c for 10 minutes 
Injector temperature - 250-3oo•c 
Transfer line temperature - 250-3oo•c 
Source temperature - according to manufacturer's 

spec ifi cations 
Injector-Grab-type, splitless 
Sample volume - 1 - 2 ~L 
Carrier gas - Helium at 30 cm3/second 

5. Qualitative Analysis 

5.1 The compounds listed in the Target Compound List (TCL), shall be 
identified by an analyst competent in the interpretation of mass 
spectra by comparison of the sample mass spectrum to the mass 
spectrum of a standard of the suspected compound. Two criteria must 
be satisfied to verify the identifications: (1) elution of the 
sample component at the GC relative retention time as the standard 
component, and (2) correspondence of the sample component and 
standard component mass spectra . 

5.1.1 For establishing correspondence of the GC relative retention 
time (RRT), the sample component RRT must compare within 
±Q.06 RRT units of the RRT of the standard component. For 
reference, the sta •• dard must be run on the same shift as the 
sample. If coelution of interfering components prohibits 
accurate assignment of the sample component RRT from the 
total ion chromatogram, the RRT should be assigned by using 
extracted ion current profiles for ions unique to the 
component of interest. 

5.1.2 For comparison of standard and sample component mass spectra, 
mass spectra obtained on the analyst's GC/MS are required. 
Once obtained, these standard spectra may be used for 
identification purposes, Qn}y if the GC/MS meets the DFTPP 
daily tuning requirements. These standard spectra may be 
obtained from the run used to obtain reference RRTs. 

5.1.3 The requirements for qualitative verification by comparison 
of mass spectra are as follows: 

5.1.3.1 All ions pre~ent in the standard mass spectra at a 
relative intensity greater than 10% (most abundant 
ion in the spectrum equals 100%) must be present in 
the sample spectrum. 
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5.1.3.2 The relative intensities of ions specified in 
5.1.3.1 must agree within plus or minus 20% between 
the standard and sample spectra. (Example: for an 
ion with an abundance of 50% in the standard 
spectra, the corresponding sample ion abundance must 
be between 30 and 70%.) 

5.1.3.3 Ions greater than 10% in the sample spectrum but not 
present in the standard spectrum must be considered 
and accounted for by the analyst making the 
comparison. The verification process should favor 
false positives. All compounds meeting the 
identification criteria must be reported with their 
spectra. For all compounds below the MDL report the 
actual value followed by •J•, e.g., •3J•. 

5.1.4 If a compound cannot be verified by all of the criteria in 
5.1.3, but in the technical judgement of the mass spectral 
interpretation specialist the identification is correct, then 
the Contractor shall report that identifications and proceed 
with quantification. 

5.2 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 
1985 release of the National Bureau of Standards Mass Spectral 
library (or a more recent release), containing 42,261 spectra, shall 
be used. 

5.2.1 Up to 20 nonsurrogate organic compounds of greatest apparent 
concentration not listed for the combined base/neutral/acid 
fraction shall be tentatively identified via a forward search 
of the NBS mass spectral library. (Substances with responses 
less than 10% of the nearest internal standard are not 
required to be searched in this fashion.) Only after visual 
comparison of sample spectra with the nearest library 
searches will the mass spectral interpretation specialist 
assign a tentative identification. NOTE: Computer generated 
library search routines must not use normalization routines 
that would misrepresent the library or unknown spectra when 
compared to each other. 

5.2.2 Guidelines for making tentative identification: 

5.2.2.1 Relative intensities of major ions in the reference 
spectrum (ions greater than 10% of the most abundant 
ion) should be present in the sample spectrum. 
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5.2.2.2 The relative intensities of the major ions should 
agree within ±20%. (Example: for an ion with an 
abundance of 50S in the standard spectra, the 
corresponding sample ion abundance must be between 
30 and 70%.) 

5.2.2.3 Molecular ions present in reference spectrum should 
be present in sample spectrum. 

5.2.2.4 Ions present in the sample spectrum but not in the 
reference spectrum should be reviewed for possible 
background contamination or presence of co-eluting 
compounds. 

5.2.2.5 Ions present in the reference spectrum but not in 
the sample spectrum should be reviewed for possible 
subtraction from the sample spectrum because of 
background contamination or co-eluting compounds. 
NOTE: Data system library reduction programs can 
sometimes create these discrepancies. 

5.2.3 If in the technical judgement of the mass spectral 
interpretation specialist no valid tentative identification 
can be made, the compound should be reported as unknown. The 
mass spectral specialist should give additional 
classification of the unknown compound, if possible (i.e., 
unknown phthalate, unknown hydrocarbon, unknown acid type, 
unknown chlorinated compound). If probable molecular weights 
can be distinguished, include them. 

6. Quantitation 

6.1 TCL components identified shall be quantified by the internal 
standard method. The internal standard used shall be the one nearest 
the retention time to that of a given analyte. The EICP area of 
characteristic ions of analytes listed in Tables 2 and 3 are used. 

Internal standard responses and retention times in all samples must 
be evaluated during or immediately after data acquisition. If the 
retention time for any internal standard changes by more than 
30 seconds from the latest daily (12 hour) calibration standard, the 
chromatographic system must be inspected for malfunctions, and 
corrections made as required. The EICP of the internal standards 
must be monitored and evaluated for each sample, blank, matrix spike, 
and matrix spike duplicate. If the EICP area for any internal 
standard changes by more than a factor of two (-50% to +100%), the 
mass spectrometric system must be inspected for malfunction and 
corrections made as appropriate. When corrections are made, 
re-analysis of samples analyzed while the system was malfunctioning 
is necessary. 
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6.2 The RRF from the daily standard analysis is used to calculate the 
concentration in the sample. Secondary ions may be used if 
interferences are present. The area of a secondary ion cannot be 
substituted for the area of a primary ion unless a RRF is calculated 
using the secondary ion. When TCL compounds are below quantitation 
limits but the spectra meets the identification criteria, report the 
concentration with a •J•. 

6.2.1 Calculate the concentration in the sample using the RRF as 
determined in Paragraph 4.3 and the following equation: 

Concentration pg/l = 
(Ax)OsHYt) 

(Ais)(RRF)(V0 )(Vi) 

Ax = Area of the characteristic ion for the compound to e 
measured 

Ais = Area of the 
standard 

characteristic ion for the internal 

Is .. Amount of internal standard injected in nanograms 
(ng) 

Yo = Volume of water extrar.ted in milliliters (ml) 

Vi = Volume of extract injected ( pl) 

Vt = Volume of total extract 

6.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantifie~ by the internal standard method. For 
quantification, the nearest internal standard free of interferences 
sha 11 be used. 

6.3.1 The formula for calculating concentrations is the same as in 
Paragraph 6.2.1. Total area counts (or peak heights) from 
the total ion chromatograms are to be used for both the 
compound to be measured and the internal standard. A RRF of 
one (1} is to be assumed. The value from this quantitation 
shall be qualified as estimated. This estimated 
concentration should be calculated for all tentatively 
identified compounds as well as those identified as unknowns. 

6.4 Calculate surrogate standard recovery on all samples, blanks, and 
spikes. Determine if recovery is within limits and report. 
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If recovery is not within limits (i.e., 1f two surrogates 
from either base/neutral or acid fractions are out of limits 
or if recovery of any 2fi! surrogate in either fraction 1s 
below lOS), the following is required. 

o Check to be sure there are not errors 1n calculations, 
surrogate solutions, and internal standards. Also, check 
instrument performance. 

o Reanalyze the sample if none of the above reveal a problem. 

ff none of the steps above solve the problem, then reextract 
and reanalyze the sample. If the reextraction and reanalysis 
of the sample solves the problem, then the problem was within 
the laboratory's control. Therefore, only submit data from 
the analysis with surrogate spike recoveries within the 
control windows. This shall be considered the initial 
analysis and shall be reported as such. 

6.4.3 If the reextraction and reanalysis of the sample does not 
solve the problem, i.e., the surrogate recoveries are outside 
the control limits for both analyses, then submit the 
surrogate spike recovery data and the sample ~nalysis data 
from analysis of both sample extracts. Distinguish between 
the initial analysis and the reanalysis on all data 
deliverables. 

6.4.4 If the sample with surrogate recoveries outside the limits is 
the sample used for the matrix spike and matrix spike 
duplicate and the surrogate recoveries of the matrix spike 
and matrix spike duplicate show the same pattern (i.e., 
outside the limits), then the sample, matrix sp1ke, and 
matrix spike duplicate do not require reanalysis. Document 
in the narrative the sim1larity in surrogate recoveries. 
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ASSAY TITLE: The Analysis of Volatile Organics with Low Detection 
Limits by Purge and Trap Gas Chromatography/Mass 
Spectrometry Method 

AREA OF APPLICABILITY: Hazleton laboratories America, Inc. 
Mass Spectrometry Section 

SCOPE: 

This purge and trap gas chromatography-mass spectrometry (GC-MS) method is 
applicable to the determination of volatile organic compounds in municipal 
(drinking) water and groundwater. The compounds listed in Table 1 (see 
attachments) represent the standard list of analytes determined by this 
method. 

This method is restricted to use by, or under the supervision of, analysts who 
are experienced in the operation of a purge and trap system, by GC-MS, and in 
the interpretation of mass spectra. 

PRINCIPLE: 

An inert gas is bubbled through a 25-ml water sample contained in a specially 
designed purging chamber at ambient temperature. The purgeables are 
efficiently transferred from the aqueous phase to the vapor phase. The vapor 
is swept through a sorbent trap where the purgeables are trapped. After 
purging is completed, the trap is heated and back flushed with the inert gas 
to desorb the purgeables onto a gas chromatographic column. The gas 
chromatograph is temperature programmed to separate the purgeables, which are 
then detected with a ~ass spectrometer. 

SENSITIVITY: 

The method detection limits presented in Table 6 represent the sensitivities 
that can be achieved in ground water in the absence of interferences. 

PRECISION, ACCURACY: 

Precision and accuracy for this method, as generated from an inhouse 
validation study, is presented in Table 7. 
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The toxicity or carcinogenicity of chemicals used in this method has not been 
precisely defined. 

o Treat each chemical as a potential health hazard, and minimize exposure to 
these chemicals. 

Maintain an awareness of Occupational Safety and Health Administration (OSHA) 
regulations regarding safe handling of chemicals used in this method. 

o Make a reference file of material data handling sheets available to all 
personnel involved in the chemical analysis. 

o Additional references to laboratory safety are available for the 
information of the analyst. 

The following parameters covered by this method have been tentatively 
classified as known, or suspected, human or mammalian carcinogens: benzene, 
tetrachloroethene, trichloroethene, carbon tetrachloride, 1,2-dichloroethane, 
1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, chloroform, 
1,2-dibromomethane and vinyl chloride. 

o Prepare primary standards of these compounds under a hood. Wear a toxic 
gas respirator, approved by the National Institute of Occupational Safety 

,-~~\ and Health/Mining Enforcement and Safety Administration (NIOSH/MESA) when 
~ handling high concentrations of these toxic compounds. 

Observe all laboratory safety precautions as outlined in the Hazleton 
Laboratories America, Inc., Safety Training Manual. 

INTERFERENCES: 

Impurities in the purge gas, organic compounds outgassing from the plumbing 
ahead of the trap, and solvent vapors in the laboratory account for the 
majority of contamination problems. The analytical system is demonstrated to 
be free from contamination under the conditions of the analysis by running 
laboratory reagent blanks. Non-Teflon• plastic tubing, non-Teflon thread 
sealants, or flow controllers with rubber components in the purge and trap 
system are not used. 

QUALITY ASSURANCE: 

The minimum quality assurance/quality control (QA/QC) operations necessary to 
satisfy the analytical requirements associated with the determination of the 
volatile compounds listed in this method are as follows: 

o Documentation of GC/MS Mass Calibration and Abundance Pattern 

o Documentation of GC/MS Response Factor Stability 



' .l 

i 

J 

l 
_.....,..._ 

] .~~_;:_t} 

] 

j 

l 

MP-LDLV-MA 
PAGE: 4 of 18 
DATE: 
REPLACES: Original 
SECTION: 6004 

o Internal Standard Response and Retention Time Monitoring 

o Method Blank Analysis 

o Surrogate Spike Recovery Monitoring 

o Matrix Spike and Matrix Spike Duplicate Analysis 

1. GCMS Tuning and Mass Calibration 

Establish that the GC-MS system meets the standard spectral abundance 
criteria before initiating any data collection. Tune the GC-MS system 
hardware to meet the abundance criteria listed in Table 1 for a maximum of ' 
a 50 ng injection of 4-bromofluorobenzene (BFB). Do not analyze the BFB . 
simultaneously with any calibration standards or blanks. Demonstrate this 
criteria daily. 

0 

0 

0 

Meet the BFB criteria before any standards, samples, or blanks are 
analyzed. 

Document the GC-MS tuning and mass calibration each time the system 
is tuned. 

Demonstrate that the GC-MS system can generate easily recognizable 
spectra using 1.5 ~g/l for VOA's. 

Table 1 

BFB Key Ions and Abundance Criteria 

Mass 
'C"i='it e r i a 

ton Abundance 

50 
75 
95 
96 

173 
174 
175 
176 

177 

15.0 - 40.0 percent of the base peak 
30.0 - 60.0 percent of the base peak 
base peak, 100 percent relative abundance 
5.0 - 9.0 percent of base peak 
less than 2.0 percent of mass 174 
greater than 50.0 percent of the base peak 
5.0 - 9.0 percent of mass 174 
greater than 95.0 percent but less than 101.0 
percent of mass 174 
5.0 - 9.0 percent of mass 176 
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2. Calibration of GC-MS System 

2.1 Initial Standard Calibration 

Calibrate the GC-MS system at a minimum of three concentrations to 
determine the linearity of response using TCL compound standards 
before the analysis of samples and required blanks, and after the 
tuning criteria have been met. 

Prepare calibration standards (using 50 pg/ml HSL mix and 50 
pg/ml Purgeables ABC mix) to yield the following specific 
concentrations: 5, 10, and 20 pg/l. Include surrogates and 
internal standards at 10 pg/L with each of the calibration 
standards. 

Analyze each calibration standard and tabulate the area of the 
primary characteristic ion against concentration for each compound 
including all required surrogate compounds. The relative retention 
time {RRT) of each compound 1n each calibration run must agree within 
0.06 RRT units. 

Use Table 2 and Equation 1 to calculate the relative response factors 
(RRF) for each compound at each concentration level. 

Equation 1 

RRF = --- x 

Where: 

Area of the characteristic ion for the compound to be measured 
Area of the characteristic ion for the specific internal 
standards from Table 2 (attachments) 
Concentration of the internal standard (ng/pl) 
Concentration of the compound to be measured (ng/pl) 

Use Equation 2 and the relative response factors {RRF) from the initial 
calibration to calculate the percent relative standard deviation 
(% RSD) for the calibration compounds. 

Equation 2 

%RSD = so X 100 
X 

Where: 

RSO = Relative standard deviation. 

SO = Standard deviation of initial relative resoonse factors 
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Where: SO = 1.!1-=:...!12 

i=l N-1 

• 

MP-LOLV-MA 
PAGE: 6 of 18 
DATE: 
REPLACES: Original 
SECTION: 6004 

x = Mean of initial relative response factors {per compound) 

All RF must be above 0.05 except 2-Butanone. 

The initial calibration is valid only after the percent RSD for 
calibration compounds are <40%. Common laboratory solvents 
(methylene chloride and acetone} are known to bias the results to more 
than 40% RSO. 

Table 2 

Volatile Internal Standards with Corresponding 
TCL Analytes Assigned for Quantitation 

Bromochloromethane 

Chloroethane 
Sromomethane 
Vinyl chloride 
Chloroethane 
Methylene chloride 
Acetone 
Carbon disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
1,2-Dichloroethene 

(total} 
Chloroform 
1,2-Dichloroethane 
1,2-Dichloroethane-d4 

(surr} 

1,4-Difluorobenzene 

2-Butanone 
1,1,1-Trichloroethane 
Carbon tetrachloride 
Vinyl acetate 
Bromodichloromethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-0ichloropropene 
Bromoform 

(surr} = Surrogate compound 

Chlorobenzene-ds 

2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane _ 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Xylene (total) 
Bromofluorobenzene 

( surr} 
Toluene-de (surr) 
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A calibration standard(s) containing all volatile TCL compounds, 
including all required surrogates must be analyzed every 12 hours 
during analysis. (The concentration for each TCL compound is 
10 ~g/L). Compare the relative response factor data taken from the 
standards each twelve hours with the average relative response factor 
from the initial calibration for a specific instrument. 

Use Equation 4 to calculate the percentage difference (% difference) 
for all compounds and check the validity of the initial calibration. 

Equation 4 

% Difference = RRF; - RRFc x 100 
RRFi 

Where: 

RRFi = Average relative response factor from initial 
calibration 

RRFc = Relative respoose factor from current 
calibration check standard 

If the percentage difference is less than, or equal to, 25.0%, assume 
that the initial calibration is valid. If the criteria are not met, 
take corrective action. This may involve rerunning the initial 
three-point curve. 

3. Evaluate the internal standard responses and retention times in all 
samples immediately after, or during, data acquisition. If the retention 
time for any internal standard changes by more than 30 seconds; inspect 
the chromatographic system for malfunctions and make corrections. 
Monitor the area of the extracted ion current profile (EICP) of the 
internal standards and evaluate the EICP for each sample, blank, matrix 
spike, and matrix spike duplicate. If the EICP for any of the internal 
standard changes from the latest calibration check standard by more than 
a factor of two (-50% to 100%), inspect the mass spectrometer for 
malfunction, and make corrections. 

4. Method Blank Analysis 

Analyze the method blank (consists of reagent water) once for each 
12-hour period. Ensure that the method blank volume is approximately 
equal to the sample volume being processed. Demonstrate that the method 
blank is free of contamination. 
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Perform surrogate recovery determinations on all samples and blanks. Add 
the surrogate compound to each sample, matrix spike, matrix-spiked 
duplicate, and blank. Use the amount of the surrogate standard and the 
acceptable percentage recovery limits that are listed in Table 3. 

Acceptable surrogate recovery limits are in Table 3. In the case of 
highly concentrated or •dirty• samples, the recovery limits may not be 
applicable. Make a professional judgment as to whether thP s·ample 1s to 
be reanalyzed to demonstrate a matrix problem. Check the GC-~S system by 
analyzing a method blank. 

Compounds 

Toluene-de 

4-Bromofluorobenzene 

1,2-dichloroethane-d4 

Table 3 

Surrogate Spike Compounds, 
Concentrations and Recovery Limits 

Concentration 
(ppb) 

10 

10 

10 

6. Matrix Spike/Matrix Spike Duplicate Analysis 

Percentage 
of Recovery 

80 - 120 

80 - 120 

76 - 120 

In order to evaluate the matrix effect of the sample on the a: . .:lytical 
methodology and provide both precision and accuracy information, a matrix 
spike and matrix spike duplicate (MS/MSD) analysis is performed with each 
set of 20 samples. Spiking is performed at a level of 10 pg/l, using a 
mixture of the following compounds: 

o Benzene 

o Toluene 

o Trichloroethene 

o Chlorobenzene 

o 1,1-Dichloroethene 
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Calculate the individual component recoveries of the matrix spikes using 
Equation 5. 

Equation 5 

SSR - SR 
Matrix Spike Percent Recovery = -------- x 100 

SA 

Where: 

SSR = Spike sample results 
SR = Sample results 
SA = Spike added from spiking mix 

Calculate the relative percentage difference (RPD) for each component 
using Equation 6. 

Equation 6 

RPD = ----------- x 100 

Where: 

Fraction 

VOA 

VOA 

VOA 

VOA 

VOA 

RPD = Relative percentage difference 
D1 = First sample value 
D2 = Second sample value (duplicate) 

Table 4 
Matrix Spike Recovery Limits 

Matrix Spike Compound 

Benzene 

Toluene 

Trichloroethene 

Chlorobenzene 

1,1-Dichloroethene 

Control Limit* 

66-142 

76-125 

71 -120 

75-130 

61-145 

* These limits are for advisory purposes only. They are not to be used 
to determine if a sample should be re-analyzed. 
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APPARATUS: 

Sample Containers 

o Vials, 40 ml, screw-cap vials with PTFE-faced silicone septum seals. 

Purge and Trap System (Tekmar LSC-2 or equiavlane} 

0 Purging device, all-glass, capable of accepting 25-ml samples with a 
water column of at least 5 em deep, and with a glass frit (3-cm diameter 
at origin}. Wash vials and seals with detergent, rinse with tap water 
and then distilled water, dry at 105°C, and then allow to cool in an area 
free of organic vapors. 

o Volatile trap, at least 25 em long, with an inside diameter of at least 
0.105 inches. The trap requires two phases: tenax and silica gel. 
Before daily use, condition the trap for 10 minutes at 220°C and back 
flood with an inert gas flow of at least 20 ml/minute Vent the trap 
effluent to the room through a charcoal trap. 

o Desorber, capable of rapidly preheating the trap to 180°C, and then 
desorbing the trap to the GC column, and maintaining a trap temperature 
of 180°C. 

GC-MS System 

o Gas chromatograph, Hewlett-Packard 5993 or equivalent, must be capable of 
temperature programming and achieving an initial column temperature of 
30° to 45°C. Use variable constant differential-flow controllers capable 
of maintaining constant flow rates throughout the desorbtion and 
temperature pro~v~m. 

o Gas chromatography column, 8 ft x 1/8 0.0. glass column, packed with 1% 
SP-1000 on Carbopack 8 (60/80 mesh), or equivalent. 

o Mass spectrometer, Finnigan 5100 or equivalent, capable of scanning from 
20 to 260 amu every 7 s or less, using 70 V (nominal) of electron energy 
in the electron impact ionization mode, and producing a mass spectrum 
that meets all the criteria in Table 3 (attachments) when 50 ng of 
4-bromofluorobenzene (BFB) is injected through the GC inlet. 

o GC-MS interface, constructed of all-glass or glass-lined materials. 
Glass is deactivated by silanizing with dichloro- dimethylsilane. 

Data System 

o Computer system, interfaced to the mass spectrometer, allows continuous 
acquisition and storage of on machine-readable media of all mass spectra 
obtained through the duration of the chromatographic program. Use a 
computer with software that can search for any GC-MS data file for 
specific m/z (masses) and plot such m/z abundance versus time or scan 
number. Software must also be able to integrate the abundance, between 
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o Syringes, 5- and 25-ml glass hypodenmic with luerlock tip (two each) 
o Micro syringes, 25 and 100 pl 
o Gas syringes, 1.0 and 5.0 ml gas tight, with shut off valve 

Miscellaneous 

0 
0 

Standard storage containers, 3.7-ml screw-cap amber vials 
Mini-inert valves, screw cap. 

REAGENTS: 

o Reagent water, producing less than a 0.4-pg/L response for the 
compounds being monitored, except those compounds recognized as common 
laboratory solvents (methylene chloride, acetone, 2-butanone, toluene). 

o Methanol, demonstrated to be free of analytes (Spike 100 ~L into 25 ml 
of reagent water and analyze. This produces a response of less than 
0.4 ~g/L.) 

Stock Standards 

0 Prepare the working standard for the HSL mix separately, or add to the 
purgeables (A, 8, or C) working standards. It is convenient to prepare 
them separately because the purgeables working standards must be replaced 
more frequently than the HSL mix. 

-- Preparation of a 50 ~g/ml HSL Mix 

The solution provided from Supelco has 2 mg/ml of each compound. Place 
approximately 9 ml of methanol in a 10-ml volumetric flask. Using a 500 ~L 
gas tight syringe, add exactly 250 pl of Supelco HSL Standard Mix to the. 
volumetric flask. Ensure that the drops fall directly into the alcohol 
without touching the side of the flask. Dilute the flask to volume with 
methanol, stopper and invert three times. This yields a solution with each 
compound at 500 pg/ml. Store at 0°C. This standard should be replaced 
monthly. 

Preparation of a 50 pg/ml Purgeables A, 8, and C 

Mixtures A, 8, and C contain a different group of compounds. All are at 
200 pg/ml. Place Purgeables C (the gases) in dry ice for 10 minutes. Using 
a 500-pl gas-tight syringe, add 250 ~Leach of methanol, Purgeables A, 
Purgeables 8 and Purgeables C to a milliliter micro-reaction vessel equipped 
with a mini-inert valve closure. Store the vial at 0°C. Replace Purgeables 
A, 8, and C standards weekly to maintain proper concentration of the gases. 
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Supelco Purgeables Internal Standard Mix-624 provides the desired compounds in 
methanol at 1,000 ~g/ml. Place approximately 9 ml methanol in a 10-ml 
volumetric flask. Using a 500-~L gas-tight syringe, add exactly 500 ~L of 
the internal standard mix to the methanol. Ensure that the drops fall 
directly into the alcohol without touching the sides of the flask. Dilute 
volume with methanol, stopper, and invert three times. Store at o•c. 
Preparation of a 25 ~g/ml Surrogates Standard Mix 

Supelco Purgeables Surrogate Standard Mix provides the desired compounds in 
methanol at 250 ~g/ml. Place approximately 8 ml methanol in a 10-ml 
volumetric flask. Using a 500- or 1,000-~L gas-tight syringe, add exactly 
1.0 ml of surrogate standard mix to the methanol using the technique d·escribed 
previously. Dilute to volume with methanol, stopper, and invert three times. 
Store at o•c. 
Sample Spiking or Matrix Spike Standard 

o Matrix spike solution, containing the five compounds listed in Table 2 
(Attachment B). No mix is commercially available that has only these 
compounds. Prepare the stock standard from neat. 

Preparation of a Matrix Spike Stock Standard (2 mg/ml) 

Place approximately 24 ml methanol in a 25-ml volumetric flask. Allow flask, 
allow to stand unstoppered for 10 minutes, or until all alcohol-wetted 
surfaces have dried and tare. Using a 100-~L syringe, add 50 mg of the 
first compound; ensure that all of the drops fall directly into the alcohol 
without touching the flask neck. Rt-tare the flask, and add 50 mg of the next 
compound. Repeat the process until all of the compounds have been added. 
Dilute to volume with methanol, stopper, and invert three times. Transfer 
contents to appropriate storage containers with no headspace and store at o•c. 
Preparation of a Matrix Spike Working Standard (50 ~g/mL) 

Place approximately 9 mL of methanol in a 10-mL volumetric flask. Using a 
500-~L gas-tight syringe, add 250 pL of the 2.0 mg/ml stock solution to 
the flask using the technique described previously·. Dilute to volume with 
methanol, stopper, and invert three times. Store at o•c. 

SAMPLE COLLECTION, PRESERVATION, AND STORAGE: 

Sample Collection 

o Include trip blanks with each sample set (composed of the samples 
collected from the same general sampling site at approximately the same 
time). Fill at least of two sample bottles with reagent water and seal 
at the laboratory, and then ship these to the sampling site along with 
the empty sample bottles. Whenever a set of samples is shipped and 
stored. it is accomoanied bv trio blanks. 
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o Collect one field blank sample, which is composed of deionized laboratory 
water per group of 20 or fewer samples. Prepare this blank in the field 
as follows: Allow deionized laboratory water to contact the sampling 
equipment and then pour it into the sampling vial. Ensure that no air 
bubbles are trapped in the field blank sample when the vial is sealed. 

0 Collect all samples in duplicate (triplicate when high levels requiring 
screening and dilution are suspected). Fill sample bottles to 
overflowing. Ensure that no air bubbles pass through the sample as the 
bottle is filled, or become trapped in the sample when the bottle is 
sealed. 

o When sampling from a water tap, open the tap and allow the system to 
flush until the water temperature has stabilized (usually about 
10 minutes). Adjust the flow to above 500 mL/minute and collect 
duplicate samples from the stream. 

o When sampling from an open body of water, fill a 1-qt wide-mouth bottle 
or 1-l breaker with sample from a representative area, and carefully fill 
duplicate sample bottles from the 1-qt container. 

Sample Preservation 

0 Chill the samples to 4°C on the day of collection and maintain them at 
that temperature until analysis. Package the field samples that are not 
received at the laboratory on the day of collection for shipment with 
sufficient ice to ensure that they are at 4°C on arrival at the 
laboratory. 

o Analyze all samples within 10 days of sample receipt or within 14 days of 
sample collection. 

SAMPLE ANALYSIS: 

1. Quality Control Requirements 

Analyze the samples after the initial quality assurance activities are 
successfully completed. Twelve hours after the completion of the initial 
tuning, conduct an instrument tuning and calibration-check analysis. Any 
major system maintenance, such as a source cleaning or installation of a 
new column, requires re-tuning and recalibration, irrespective of the 
12-hour requirement (see Initial Calibration). Only the calibration 
verification is done for minor maintenance (Continuing Calibration). 

1.1 For highly concentrated or •dirty• samples, the EICP area for any 
internal standard may change by more than a factor of two. Make a 
professional judgment as to whether the sample is to be reanalyzed 
to demonstrate a matrix problem. Check the GC-MS system by 
analyzing a method blank. 
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1.2 Check each analytical run for saturation. The level at which an 
individual compound will saturate the detection system is a 
function of the overall system sensitivity and the mass spectral 
characteristics of that compound. 

1.3 If any compound in any sample exceeds the initial calibration 
range, dilute that sample. Re-adjust the internal standard 
concentration and reanalyze the sample. 

PROCEDURE: 
. 

1. Upon receipt, samples should be stored at 4°C. 

2. Sample Analysis 

All standards, blanks, and samples should be analyzed in the following 
fashion: 

2.1 Purging 

2 .1.1 

2 .1.2 

2. 1 . 3 

2 .1.4 

2.1. 5 

2.1. 6 

2 .1. 7 

Set up the purge and trap system. Adjust the purge gas 
(helium) flow rate to 40 mL/minute. 

Allow the sample to come to ambient temperature before 
injecting it into the sy'"inge 

Remove the plunger from a 25-ml syringe and attach a closed 
syringe valve to it. 

Open the sample bottle (or standard) and carefully pour the 
sample into the syringe barrel to just short of overflowing. 

Replace the syringe plunge and compress the sample. 

Hold the syringe in an upright position with the syringe 
valve set on top of the syringe. Open the syringe valve, 
vent any residual air and adjust the sample volume to 25 ml. 

Because this process of taking an aliquot destroys the 
validity of the sample for future analysis, fill a second 
syringe at this time to protect against possible loss of data. 

2.1.8 Add 10 pl of the surrogate spiking solution (25 ng/pl) 
and 5 pl of the internal standard spiking solution (50 
ng/pl) through the. valve bore and then close the valve. 

2.1.9 Attach the syringe-syringe valve assembly to the syringe 
valve on the purging device. 
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2.1.10 Open the syringe valves and inject the sample into the 
purging chamber. Close both valves. 

2.1.11 Purge the sample for 11.0 ±Q.l minutes at ambient temperature. 

2.1.12 After the 11-minute purge, attach the trap to the 
chromatograph and adjust the purge and trap system to the 
desorb mode. 

2.2. Gas Chromatography-Mass Spectrometry Analysis 

2.2.1 Set up the GC-MS operating parameters. 

Carrier gas flow rate: 40 ml/minute 
Injector temperature: 22o•c 
Oven temperature: Hold at 4s•c for 3 minutes and then heat 

to 22o•c at e•ctminute. Hold at 2oo•c 
until the programmed run time expires. 

Transfer line temperature: 22s•c 
Ion source temperature: 2oo•c 
Scan range: 35-250 amu 
Electron energy: 70 V 
Scan Time: To give at least 5 scans per peak but not to 

exceed 7 seconds per peak . 

2.2.2 Introduce the trapped materials to the GC column by rapidly 
heating the trap to leo•c while back flooding the trap with 
an inert gas between 20 and 60 ml/minute for 4 minutes. If 
rapid heating of the trap cannot be achieved, use the GC 
column as a second trap by cooling it to 30•c. or subambient 
temperature (cryogenic trapping) if the problem persists, 
instead of the initial program temperature of 45•c. 

2.2.3 As the trap is being desorbed into the gas chromatograph, 
empty the purging chamber using the sample introduction 
syringe. Wash the chamber with two 25-ml flushes of reagent 
water. 

2.2.4 After desorbing the sample from the trap for 4 minutes, 
recondition the trap by returning the purge and trap system 
to the purge mode. Wait 15 seconds, and then close the 
syringe valve on the purging device to begin gas flow through 
the trap. Maintain the trap temperature at lao•c. After 
7 minutes, turn off the trap heater and open the syringe 
valve to stop the gas flow through the trap. When the trap 
is cool, the next sample can be analyzed. 

2.2.5 If the response for any m/z exceeds the working range of the 
system, prepare dilution of the sample with reagent water 
from the aliquot in the second syringe and reanalyze. 
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3. Daily Analysis Scheme 
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3.1 Achieve acceptable abundance criteria (see Table 4) for BFB at the 
beginning of each day that analyses are performed. This test must be 
passed prior to analysis of any standards, blanks, or samples. 

3.2 Upon achieving the key abundance criteria for BFB, calibrate the 
instrument as described in the Quality Assurance section, paragraph 2. 

3.3 After the instrumental calibration requirements are met, analyze a 
method blank (25 mL aliquot of reagent water plus 250 ng each 
internal standards mix and surrogate standards mix) to demonstrate 
that the instrument is free of contamination. 

3.4 Proceed with sample analysis. 

4. Qualitative Identification 

4.1 Obtain EICPs for the primary m/z (Table 5, attachments) and at least 
two secondary masses for each parameter of interest. The following 
criteria must be met: 

4.2 Ensure that the characteristic masses of each parameter of interest 
is maximized in the same, or within one, scan of each other . 

4.3 Ensure that the relative retention time fall within +.06 units of the 
relative retention time of the standard component. -

4.4 Ensure that the relative peak heights of the three characteristic 
masses in the EICPs fall within ±20% of the relative in:_~sity of 
these masses in a reference mass spectrum. 

4.5 A library search shall be executed for non-TCL sample components for 
the purpose of tentative identification. For this purpose, the 1985 
release of the National Bureau of Standards Mass Spectral Library (or 
a more recent release), containing 42,261 spectra, shall be used. 

4.6 Up to 10 nonsurrogate organic compounds of greate~t apparent 
concentration not listed as target volatile compounds shall be 
tentatively identified via a forward search of the NBS mass spectral 
library. (Substances with responses less than 10% of the nearest 
internal standard are not searched in this fashion.) Only after 
visual comparison of sample spectra with the nearest library searches 
will the mass spectral interpretation specialist assign a tentative 
identification. NOTE: Computer-generated library search routines 
must not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other. 
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4.7.1 Relative intensities of major ions in the reference spectrum 
(ions greater than 101 of the most abundant ion) should be 
present in the sample spectrum. 

4.7.2 The relative intensities of the major ions should agree 
within ±20%. (Example: For an ion with an abundance of 50% 
in the standard spectra, the corresponding sample ion 
abundance must be between 30 and 701.) 

4.7.3 Molecular ions present in reference spectrum should be 
present in sample spectrum. 

4.7.4 Ions present in the sample spectrum but not in the reference 
spectrum should be reviewed for possible background 
contamination or presence of co-eluting compounds. 

4.7.5 Ions present in the reference spectum but not in the sample 
spectrum should be reviewed for possible subtraction from the 
sample spectrum because of background contamination or 
co-eluting compounds. NOTE: Data system library reduction 
programs can sometimes create these discrepancies. 

4.8 If in the technical judgment of the mass spectral interpretation 
specialist no valid tentative identification can be made, the 
compound should be reported as unknown. The mass spectral specialist 
should give additional classification of the unknown compound, if 
possible (i.e .• unknown phthalate, unknown hydrocarbon, unknown acid 
type, unkr 'oln chlorinated compound). If probable molecular weights 
can be distinguished, include them. 

5. Quantitation 

5.1 When a parameter has been identified, the quantitation of that 
parameter is based on the integrated abundance from the ElCPs of the 
primary characteristic m/z given in Table 5. 

5.2 Equation 7 is used to calculate the concentration in the sample using 
the response factor (RF) determined in Calibration of GC-MS System 
section. 

Equation 7 

Concentration (pg/l) = -As~is
Ais x RF 



l 
l 
le 
] 

] 
1 
I 
' 

MP-LDLV-MA 
PAGE: 18 of 18 
DATE: 
REPLACES: Original 
SECTION: 6004 

Wh.ere: 

As • Area of the characteristic m/z for the parameter or 
surrogate standard to be measured 

Ais = Area of the characteristic m/z for the internal standard 

Cis • Concentrations of the internal standard 

Report result is given in ~g/L without correction for recovery data. 

5.3 An estimated concentration for Non-TCL components tentatively 
identified shall be quantified by the internal standard method. For 
quantification, the nearest internal standard free of interferences 
shall be used. The formula for calculating concentrations is the 
same as in Equation 7. Total area counts (or peak heights) from the 
total ion chromatograms are to be used for both the compound to be 
measured and the internal standard. A RRF of one (1) is to be 
assumed. The value from this quantitation shall be qualified as 
estimated.· This estimated concentration should be calculated for all 
tentatively identified compounds as well as those identified as 
unknowns. 

CALCULATIONS: 

~~~\ Description of calculations has been included in the previous section . 
.. __ ) 
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Table 5 

Characteristic Ions for Volatile Compounds 

Parameter Primary Ion Secondary Ion(s) 

· Chloromethane 50 52 
Bromomethane 94 96 
Vinyl chloride 62 64 
Chloroethane 64 66 
Methylene chloride 84 49, 51 ' 86 
Acetone 43 58 
Carbon disulfide 76 78 
1,1-Dichloroethene 96 61' 98 
1,1-Dichloroethane 63 65, 83, 85, 98, 100 
1,2-Dichloroethene (total) 96 61 • 98 
Chloroform 83 85 
1,2-Dichloroethane 62 64, 100, 98 
2-Butanone 72 57 
1,1,1-Trichloroethane 97 99. 111, 119 
Carbon tetrachloride 111 119, 121 
Vinyl acetate 43 86 
Bromodichloromethane 83 85 
1,1,2,2-Tetrachloroethane 83 85, 131 • 133, 166 
1,2-Dichloropropane 63 65, 114 
trans-1,3-Dichloropropene 75 71 
Trichloroethene 130 95, 97, 132 
Dibromochloromethane 129 208, 206 
1,1,2-Trichloroethane 97 83. 85. 99. 132. 134 
Benzene 78 
cis-1,3-Dichloropropene 75 71 
Bromoform 173 171, 175, 250, 252' 254. 
2-Hexanone 43 58, 57' 100 
4-Methyl-2-pentanone 43 58, 100 
Tetrachloroethene 164 129. 131 • 166 
Toluene 92 91 
Ch 1 orobenzene · 112 114 
Ethyl benzene 106 91 
Styrene 104 78, 103 
Total xylenes 106 91 

a The primary ion should be used unless interferences are present, in which 
case, a secondary ion may be used. 

256 
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Parameter 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroethane 
t,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanonea 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrach1oroethane 
1,2-0ichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
2~Chloroethyl vinyl ether 
Bromoform 
2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl benzene 
Styrene 
Total xylenes 

Table 6 

Analytes and Detection Limits 
by GC-MS Method 

CAS Number 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-35-3 

156-60-5 
67-66-3 

107-06-2 
78-93-3 
71-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 

10061-02-6 
79-01-6 

124-48-1 
79-00-5 
71-43-2 

10061-01-5 
110-75-8 
75-25-2 

591-78-6 
108-10-1 
127-18-4 
108-88-3 
108-90-7 
100-41-4 
100-42-5 

a Based on laboratory experience. 
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Detection Limits 
Water Cug/L) 

.712 

.223 

.423 

.924 

.747 

.697 

.255 

.289 

.238 

.217 

.269 

.660 
5.0 

.876 

.303 
1.100 

.279 

.392 

.309 

.240 

.206 

.268 

.262 

.248 

.385 

.355 

.684 

.479 

.541 

.336 

.244 

.1 82 

.876 

.266 

.741 



Table 1 

Precision and Accuracy Data Low Level 
(25 ml Sample Purge) 

(~ 
·C.'.:~ 

Spike Level Average 
Compound _ipglll_ _tpg/L) 

'--

Chloromethane 1.0 0.806 
Bromomethane 1.0 0.904 
Vinyl Chloride 1.0 0.788 
Chloroethane 1.0 1.14 
Methylene Chloride 1.0 .1. 32 
Acetone 1.0 1.48 
Carbon Disulfide 1.0 1.05 
1,1-0ichloroethene 1.0 0.881 
1,1-Dichloroethane 1.0 0.911 
Total 1,2-Dichloroethene 1.0 0.930 
Chloroform 1.0 1.05 
1,2-0ichloroethane 1.0 0.89 

.. 7'\ 2-Butanone NO NO 
·._/ 1,1,1-Trichloroethane 1.0 0.911 

Carbon Tetrachloride 1.0 0.836 
Vinyl Acetate 1.0 1.31 
Bromodichloromethane 1.0 0.948 
1,2-Dichloropropane 1.0 0.952 
Trans-1,3-0ichloropropene 0.78 0. 746 
Trichloroethene 1.0 0.924 
Dibromoch1oromethane 1.0 0.997 
1,1,2-Trichloroethane 1.0 1.00 
Benzene 1. 0 0.954 
Cis-1,3-Dichloropropene 1.22 1.09 
2-Chloroethyl vinyl ether 1.0 0.925 
Bromoform 1. 0 0.958 
4-Methyl-2-Pentanone 1.0 1.15 
2-Hexanone 1.0 0.916 
Tetrachloroethene 1.0 0.911 
1,1,2,2-Tetrach1oroethane 1.0 0.968 
Toluene 1.0 0.952 
Chlorobenzene 1.0 0.986 
Ethyl benzene 1.0 0.854 
Styrene 1.0 1.05 
Total xylenes 1.0 0.967 

NO = Not Determined 
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GCMS Volatiles 

Standard 
Recovery Deviation 

(%) ( P9.ill 

80.6 0.237 
90.4 0.0743 
78.8 0.141 

114 0.308 
132 0.249 
148 0.232 
105 0.0851 
88.1 0.0963 
91.7 0.0793 
93 0.0722 

105 0.0897 
89.4 0.220 

NO NO 
91.7 0.292 
83.6 0.101 

131 0.367 
94.8 0.0958 
95.2 0.103 
95.7 0.0799 
92.4 0.0686 
99.7 0.0892 

100 0.0875 
95.4 0.0828 
89.3 0.128 
92.5 0.108 
95.8 0.228 

115 0.180 
91.6 0.160 
91.1 0.112 
96.8 0.130 
95.2 0.0814 
98.6 0.0606 
85.4 0.292 

105 0.0888 
96.7 0.247 





APPENDIX D 

WARZYN ENGINEERING INC 
STANDARD OPERATING PROCEDURES 

USING NON-CLP PROTOCOL 
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ATO~IC ABSORPTION SPECTROMETRY 
FURNACE - DIRECT INJECTION 

Scope and Application: Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame, furnace 
or hydride techniques. The furnace - direct 

• 

injection technique allows for lower detection _ 
limits. The use of the graphite platfonm in furnace 
analysis can improve sensitivity and reduce some 
matrix interferences. 

Method: Furnace; direct injection 

Reference: EPA 1983, Section 200 

"Analytical Methods for Furnace Atomic Absorption Spectroscopy", 
1980, Perkin-Elmer Corporation 

"~ode 1 2380 Atomic Absorption Spectrophotometer••, 1981, Perkin
Elmer Corporation 

"Techniques in Graphite Atomic Absorption Spectroscopy .. , 1985, 
Perkin-Elmer Corporation 

Sample Handling: Acidify with concentrated nitric acid to pH<2. Drinking 
waters and filtered groundwater samples free of particulate 
matters and organics may be analyzed directly, while 
wastewaters, leachates, sol ids, etc., must be digested 
prior to analysis (refer to appropriate digestion procedures). 
Samples must be analyzed within 6 months. 

Reagents and Apparatus: 

1 • 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

2380 Perkin-Elmer spectrophotometer 
Required metal lamp and power source 
HGA 400 Perkin-Elmer furnace and programmer 
AS40 Perkin-Elmer Autosampler 
024 Perkin-Elmer recorder 
Stock and standard solutions for required metal 
Class A volumetric glassware 
lnstra-analyzed nitric acid 
Mi 11 i -Q water 
Argon gas-prepurified 
Graphite tubes (pyrolytically coated} 
Graphite tubes and platfonms (pyrolytically-coated) 
Eppendorf 100-1000 microliter pipeter 
Disposable 10 ml beakers 
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Procedure: 

A. Installation of Furnace 

1. Remove the sample compartment door and tray. 

2. Disconnect the tiedown cable, drainhoses. 

3. Remove the burner head unit by loosening the 2 side knurled knobs 
and the unit should pull out. Store below the A.A. Lower the 
platform to lowest possible stage. 

4. loosen the locking screw on the furnace stand. 

5. Lift the furnace up, and position the furnace on the pegs in the 
sample compartment, and screw into place. 

6. Turn on water. 

7. Attach the drain hose to auto sampler. 

8. Attach the 0.1. water supply to auto sampler. 

Note - See the furnace maintenance procedures. The maintenance must be done 
---- with each day of use of the furnace. 

B. Furnace Alignment 

1. Plug in the lamp. 

2. Dial in the desired wavelength. Adjust the wavelength with the fine 
adjust knob to the highest energy reading on the GAIN control. 
Adjust the lamp using the knobs in the lamp compartment in the above 
manner. 

3. 

4. 

s. 
6. 

7. 

8. 

9. 

Turn ON the programmer and auto sample unit. 

Turn on the gas supply (Argon) with the pressure at 350kPa. 

Remove the furnace windows. 

Pull the furnace unit out of the light path. (Make sure all wires are 
out of light path.) 

A.Z. the instrument. 

Put the furnace unit back into position. 

Adjust the furnace with the two gray knobs on the unit. Adjust the 
furnace to the nearest 0.000 Absorbance you can obtain. 

10. Replace the windows. The absorbance sh.ould be about 0.100. 

11. Switch the ~to open. 

METALFU1-2 
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12. Pull the right hand furnace half to the side. 

13. Insert the graphite tube. 

14. Insert the tube alignment tool into the sampling opening; carefully 
turning the tube so the tip of the tool goes into the sample hole 
in the tube. 

15. Close the furnace. 

16. Switch the gas to ON. 

17. Remove the alignment tool. 

C. Conditioning a Graphite Tube 

Conditioning of the graphite tub~ should be done when you begin the day, 
change to a new tube, or change to another element. The conditioning of 
a tube removes impurities on the tube's surface. 

1. Push and hold for 5 seconds the MANUAL TEMP key at 100°C. Do 
this 4 times. Do the same at 2700°C repeatedly until smoking 
has stopped, and no absorbance signal is obtained when the tube is 
taken through the element's program. 

D. Aligning the Auto-Sampler Arm 

1. Connect the drain bottle and the distilled water reservoir to the 
auto sampler. 

2. Turn ON the auto sampler. The sampler will go through a five step 
ri nsecycle. 

3. Manually move the arm towards the furnace. 

4. Adjust the arm so that the tip goes smoothly into the graphite tube. 

a. Unlock the arm by turning the red knob clockwise. 

b. Adjust the arm vertically and horizontally using the gray knobs 
at the front end left of the sampler. 

c. The height is adjusted using the silver knurled knob. The tip 
of the arm will be close to the tube wall but not touching. 
This can be checked using the dental mirror. See figure below: 

\ 
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Notes: 

1. See the separate procedures involved with programming elements for 
the furnace, and programming the auto sampler. 

2. Use 1:1 nitric for all glassware cleaning and standard preparation. 

E. Programming the Auto Sampler 

1. Push STAND-BY to get into operating mode. 

2. Enter Method 1. 

3. Enter the number of standards used (if in concentration mode only!). 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Enter the number of the last cup in the run. 

Enter two replicates. 

Enter sample volume-usually 20 unless otherwise stated by procedures. 

Push RESET-this brings the tray back to the starting position. 

Push START to begin the run. 

Turn on the Perkin-Elmer 024 recorder. 

Insert blanks, standards and samples in the autosampler tray. Start 
the auto sampler and analyze the blanks, standards and samples. 
Analyze an EPA reference standard to verify the curve. This standard 
must be within the 95% confidence limits before continuing with the 
analysis of the samples. 

11. Analyze samples by methods described in the furnace section of this 
manual. Refer to specific metal operating procedures for notes on 
interferences, use of matrix modifiers, quality control and any 
other adjustments to this instrument operation procedure. 

Terminology 

ALT. VOLUME may be used to specify a volume of an alternate solution to 
be added to the sample (ex. Matrix Modifier). 

MANUAL may be used as follows: 

a. to move tray to a specific number. Push the number of the space 
then the manual button. 

b. to inject one sample repeatedly. When the sampler is aligned with 
the number you want to repeat, push the manual button once to start 
the repeats. 

METALFUl-4 
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c. to stop repeats - push manual button again. 

CHECK when pushed, the indicator light flashes. Push the operator 
button and the numbers entered will be displayed. 

F. Auto-Concentration - Furnace 

The machine is calibrated against one to three standards. The standard 
curve is drawn as a straight line between the zero and s1• Again, a 
st~aight line is drawn between S1 to ~. and S2 to s3 • {Refer to 
Figure 1 in the MetalFl SOP, page 7.) 

If you should encounter an error code during calibration, the operator's 
manual has a listing of error codes and their meanings. 

Sianal - Cone. 
Mo e - pk Ht or pk area 

(see specific SOP's) 

t = see specific SOP's 
Ave - 2 

Type the S1 (first standard) value and push S1 button 
Type the 52 {second standard) value and push t~e ~ button 

Procedure 

1. Analyze the blank and auto-zero (AZ) Type in Sr value, push the s1 .button. Repeat with desired standards. 

2. Analyze S1 standard, the A.A. will standardize S1, after the 2 
readings. Repeat until desired number of standards are standardized 
{usually have 2 standards for calibration). 

3. Analyze samples, check standards periodically during the run, 
re-standardize if necessary. 

Notes 

You can AZ any time during a run. 
If you re-standardize this S1 value, you have to re-standardize the s2 and s3. 
G. Method of Standard Addition - Furnace 

The method of standard additions is a useful tool which enables us to 
achieve an accurate determination of an element in the presence of an 
interference. Standard additions are required for EP Toxicity metals. 
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For an accurate value of ~n element, the working curve must be linear 
throughout the range of concentration encountered by the samples plus 
the additions. 

Procedure 

SIGNAL - ASS t = (see specific SOP's) 
Ave - 2 

MODE - pk Ht or pk area (see specific SOP's) 

1. Take four aliquots of the sample at a set volume. 

2. Add the same volume of blank to the first beaker. 

3. Add the same volume of successive standards to the remaining beakers • 

:!!1\1) 4. Mix by swirling. 

Example - Beaker 1 Beaker 2 Beaker 3 Beaker 4 
~~~~----~~~~~------~~~~~--------~~~~-----

l/2 ml sample 1/2 ml sample 1/2 ml sample 
l/2 ml blank l/2 ml 1 PPM Std. 1/2 ml 2 PPM Std. 

5. Aspirate the reagent blank and Auto-zero (A.Z.) 

1/2 ml sample 
1/2 ml 4 PPM Std. 

6. Aspirate the sample beakers from the blank to the highest spiked 
beaker. 

7. Record all four absorbance readings for the sample. 

Calculations 

Plot the absorbance readings against the concentrations of the standards 
added. The intercept of the concentration axis equals the concentration 
of the element in the sample. (See figure 2 on MetalFLl-7). Linear 
Regression may be used. 

H. Furnace Shut Down 

At the end of furnace work, follow the shut down procedure: 

1. Turn the B.G. corrector to the Atomic Absorption position. 

2. Turn SIGNAL to the lamp position. TURN lamp current to zero, EDL 
Lamps - turn power pack off. Be careful to store hot EDL's in a 
horizontal position. 

3. Turn off water system. 

4. Turn off Argon gas. 
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5. Turn off hood. 

6. Turn off programmer and auto sampler unit. 

7. Disconnect drain hose, and unscrew 0.1. water supply from the auto 
sampler. 

8. Remove the furnace by loosening the 4 screws. Pull furnace straight 
out of the compartment. Position furnace on the stand. Tighten 
the locking screws into position. 

9. Insert burner head unit. 

10. Connect tiedown cable and drain hoses. 

11. Replace compartment door and tray. The AA is now ready for flame 
analysis. 

I. Furnace Maintenance 

The following maintenance is to be done each day the furnace is operated. 

1. Clean the furnace windows. 

a. Pop out furnace windows from furnace unit. 

b. Unscrew window casting - gently dislodge windows from casting. 

c. Put windows in alcohol. 

d. Clean with Kim-wipe. 

e. Rinse with 0.1. water- dry 

f. Place windows in casting. Screw in finger tight. 

2. Check machine windows and clean if needed (same as procedure in A.A. 
maintenance). 

3. Check cones - change the cones if they appear pitted (see P.E. 
Furnace Manual). 

4. Empty drain bottle. 

s. Rinse 0.1. water bottle and fill with~ 0.1. water. 

6. Clean cones with alcohol on a Q-tip. Rinse with 0.1. water. 
Be Careful! Cones are very fragile. 

METALFUl-7 



Quality Control: 

1. Refer to specific metal standard operating procedures. 

Notes: 

1. Samples must be diluted to obtain concentrations within the 
optimum range. 

2. Standards must be prepared in the same acid concentrations 
as the samples being analyzed. 

3. Refer to the Perkin-Elmer Procedures Manual for further 
instructions and troubleshooting. 

~~ 
Rlc'Faael J. Llnskens 

~" laboratory Manager 

-J ~2:s~ 
~ K1m D. Finner 

--~:~~cal_L.ot>orat\2? QA/pc Officer r /~L.'c:'~~~,--~ 
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ATOMIC ABSORPTION SPECTROMETRY 
FLAME - DIRECT ASPIRATION 

· Scope and Application: Metals in solution can be readily analyzed by Atomic 
Absorption Spectrometry using either flame or furnace 
techniques. The flame-direct aspiration can be used 
for most mPtals but is generally not as sensitive as 
the furnace method. Both the air-acetylene and nitrous 
oxide-acetylene flame techniques are described in this 
operating procedure as well as the use of emission 
spectroscopy. 

Method: Flame; direct aspiration 

Reference: EPA 1983, Section 200 

"Analytical Methods for Atomic Absorption Spectrophotometry", 1982, 
Perkin-Elmer Corporation 

•Model 2380 Atomic Absorption Spectrophotometry", 1981. 
Perkin-Elmer Corporation 

Sampl~ Handling: Acidify with concentrated nitric acid to pH<2. Drinking 
waters and filtered groundwater free of particulate 
matter and organics may be analyzed directly. while . 
wastewaters. leachates, solids. etc. ~rust be digested 
prior to analysis (refer to appropriate digestion procedures). 
Samples must be analyzed within 6 months from sampling 
date • 

. --~ RPagpnts anCI Apparatus: 
. ) 
...._,. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

2380 Perkin-Elmer Spectrophotometer 
Stock and standard metal solutions 
Class A volumetric glassware 
Instra-analyzed nitric acid 
Milli-0 water 
Required lamp and power source 
Disposable 10 ml beakers 
Eppendorf 100-1000 ul nipeter 
Acetylene gas 
Air supply 
Nitrous oxide gas 
Air-~cetylene burner head with impact bead or nitrous oxide

acetylene burner head with flow spoiler 

f1ET ALFL 1-1 



Procedure: 

A. Instrument Set-up Procedure for Flame Atomic Absorption 

1. Turn power button to the ON position. 

2. Plug in lamp. 

a. Hollow Cathode Lamp: Have the signal control in the lam~ position. 
Turn the lamp knob until the desired mAmps is shown on t e lamp/ 
energy display. Warm lamp for 15 minutes. 

b. Electrodless Electrode Discharge Lamp (EOL) Turn on the EOL 
power supply unit. Adjust the power to the watts needed. Warm 
up one half hour. Make sure the w~tts are at or slightly higher 
than the recommended watts. Otherwise. this-will shorten the 
1 ife of tile lamp and elements can appear noisy. 

3. Turn Signal to Set-up. 

a •. Turn the slit knob to the designated slit (see SOPs). 
Normal Slit settings are for flame and hydride work 
Alternate Slit setting are for furnace work. 

b. Adjust the Coarse Adjust· knob to the desired wavelength. 

c. ijsing the Fine Adjust knob - turn to the highest energy level 
reading on the lamp/energy display. The Gain control may be used 
to decrease or increase the energy as needed. 

d. Adjust the lamp position; using the two knobs on the lamp holder. 
Again, adjust to the highest energy reading on the lamp/energy 
display. Alignment is critical for high quality results and 
ease of use. 

4. Turn signal to Abs. (Absorbance). 
Turn r4ode to ~.:>nt. (Continuous read). 
Insert .5 sec t. 
Push AZ (Auto-zero). 

B. Burner Head Set-up and Alignment 

Insert appropriate burner head (Scm burner head for the nitrous-oxide/ 
acetylene flame. lOcm burner head for the air/acetylene flame) so the 
small peg on the burner chamber fits into the slot in the base of the 
burner head. Tighten the outer ring. 

1. Snap the safety chains in place. 

2. Insert the plug into the hole at the right rear of the burner 
p 1 at form. 

3. Using the right-hand silver knob - raise the burner head until a 
reading above 0.000 appears on. the read-out display. 

METALFLl-2 
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4. Turn the knob back to a reading of 0.000. lower the burner head l/4 
turn below this 0.000 reading. (This adjusts the burner head to a 
position below the light path.) 

Turn ON the Background Corrector if running an element with a wavelength 
be 1 ow 350 mm. 

1. AAEN - shows the lamp energy. 

2. BGEN - shows the background corrector's energy. 

*These two readings should be approximately the same. (Usually close to 
75/74). 

If the BG CORR - (to the right of the read-out display) begins to flash, 
pull the lever (inside the lamp compartment) forward. This moves a 
filter into place. 

C. Air-Acetylene Flame Ignition and Analysis 

1. Set fuel flow to specifications (approximately 10-20 psi) 

2. Set oxidant flow to specifications (approximately 40-50 psi) 

3. Ignite the flame. 

4. Let the flame stabilize a few minutes. 

D. Alignment of Burner Head 

Adjust the burner head to the best position as follows: 

1. Auto-zero the machine while aspirating a blank. 

Enter in 0.5 sec t on the keyboard 
Put ~:anal in Abs. 
MODETn CONT. -

2. Aspirate a standard with an absorbance of about 0.200 and adjust the 
burner head towards the back of the instrument. Adjust to the 
highest Abs. reading on the display. 

E. Nebulizer Adjustment 

With the first element of the day, clean neubulizer with brass 
cleaning wire and adjust the neubulizer as follows: 

1. Aspirate the standard and open the neubulizer with the silver 
ring until air bubbles begin to appear in the standard. 

2. Adjust the silver ring to the highest Abs. reading that can be 
obtai ned. 

METALFLl-3 
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3. Tighten locking nut. 

Now the instrument is ready for the day. The following two methods 
can be used to determine the metals content. 

1. Auto-concentration. 

2. Standard-additions. 

See the section on each procedure for further instructions. 

F. Nitrous Oxide-Acetylene Flame Ignition and Analysis 

1. Follow A, 8 and C (steps 1-3) of this instrument operating procedure 
through the ignition of the air-acetylene flame using the S em 
burner head and flow spoiler for nitrous oxide-acetylene analysis. 

2. Set the nitrous oxide tank output regulator to between 40 to 85 
psi g. 

3. With the air-acetylene flame lit adjust fuel and oxidated rates 
until a white flame is achieved, then switch over to the nitrous 
oxide-acetylene flame. 

4. Once the nitrous oxide-acetylene flame is ignited, adjust the oxidant 
and fuel rates to achieve a flame with a rose-red inner core 
approximately 1/2-3/4 in. high. 

S. Aspirate a stand~rd with an absorbance of about 0.200. Maximize 
this reading by adjusting the burner head (do not raise or lower 
the head} and aspiration rate. 

6. While aspirating a blank, press the auto zero button. Aspirate 
standards and record the absorbances. Analyze an EPA reference 
standard to verify the curve. The reference standard must be within 
the 95% confidence limits before continuing. 

1. Ana1yze samples. Refer to specific metal standard operating procedures 
for notes on interferences, use of matrix modifiers, quality control 
and any other adjustments to this instrument operating procedure. 

8. Switch back to the air-acetylene flame when done. 

G. Flame Emission Analysis 

1. Follow parts A, 8 and C (steps 1-4} as if you were setting up to 
run copper. All conditions (burner head alignment, fuel and 
oxidant rates, aspiration rate, etc} must be maximized before 
switching to emission. 

·METALFll-4 
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Z. Unplug the copper tamp. 

3. Set the required wavelength and slit width for the metal which is 
to be analyzed by emission spectroscopy. 

4. Set the signal to EM, mode to CONT. 
While aspirating a blank, press the auto zero button. 

5. While aspirating a standard of concentration at the high end of 
the optimum range, set the gain to about 75. Using the wavelength 
fine adjustment knob, maximize the gain reading. Turn the gain 
back to 75. This peaks out the wavelength. 

6. Then aspirate standards and record the emission readings (The gain 
readings and emission readings wilt increase as the concentrations 
of standards aspirated increase.) Analyze an EPA reference standard 
to verify the curve. The reference standard must be within the 95~ 
confidence limits before continuing. Refer to standard operating 
procedures for each metal for specific requirements. . 

7. Analyze samples. Refer to standard operating procedures for 
quality control and any other specific requirements and notes. 

H. Auto-Concentration 

The machine is calibrated against one to three standards. The standard 
curve is drawn as a straight line between the zero and s1• Again, a 
straight line is drawn between s1 to~. and Sz to s3 • 

(See Figure 1) MetalFll-7 

If you should encounter an error code during calibration, the operator's 
manual has a listing of error codes and their meanings. 

s;anat ;... cone. 
f'to e - Hold 

Type the s1 value and push S1 button 
Type the s2 value and push t~e Sz button 

Procedure 

1. Aspirate the blank and auto-zero (AZ) 

t = 2 sec. 
Ave - 3 

2. Aspirate s1 standard, push the S1 button. Repeat until desired 
number of standards are entered. 

3. Aspirate samples, check standards during the run, re-standardize if 
necessary. 

METALFLI-5 



Notes 

You can AZ any time during a run. 
If you re-standarize this s1 value, you have to re-standardize the S2 
and s3• 

I. Method of Standard Addition 

The method of standard additions is a useful tool which enables us to 
achieve an accurate detenmination of an element in the presence of an 
interference. Standard additions are required for EP Toxicity metals. 

For an accurate value of an element, the working curve must be linear 
throughout the range of concentration encountered by the samples plus 
the additions. 

Procedure 

SIGNAL - ASS 

MODE - HOLD 

t - 2 sec. 

Ave - 3 

1. Take four aliquots of the sample at a set volume. 

2. Add the same volume of blank to the first beaker. 

3. Add the same volume of successive standards to the remaining beakers. 

4. Mix by swirling. 

Ex amp 1 e - .=;.B.;:.;ea::..::k.;.;:e:.:..r--=-1----=B;..;:e:.::.a~k e.;:.;r:.._::2:..._. ___ __:::B:.::.e.::.ak:.:.;e::..:r--=3-----=-Be::..:a:..:..k;.;:e.:..r_4.;__ __ 

3 ml sample 
3 ml blank 

3 ml sample 
3 ml 1 PPM Std. 

3 ml sample 
3 ml 2 PPM Std. 

5. Asp~rate the reagent blank and Auto-zero {A.Z.) 

3 ml sample 
3 ml 4 PPM Std. 

6. Aspirate the sample beakers from the blank to the highest spiked 
beaker. 

1. Record all four absorbance readings for the sample. 

Calculations 

Plot the absorbance readings against the concentrations of the standards 
added. The intercept of the concentration axis equals the concentration 
of the element in the sample. (See figure 2 on following page). Linear 
regression may be used. 

Note: When'doing furnace Std. Additions. pipet 1/2 ml of sample and 
standard directly into the cups. Mix thoroughly. 
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J. General Instrument Shut-down 

1. Turn off the air-acetylene flame by first turning off the fuel 
supply, then turning off the oxidant supply. (The order is important 
or a flashback may occur!) Turn B.G. corrector to the A.A. Position, 
Signal to Lamp. 

2. Turn off the gas tanks and air supply. Bleed lines of all gases. 

3. Turn off the lamp. Be careful to store hot EDL's in a horizontal 
position. Put lamps away. 

4. Turn the gain counter clockwise as far as it will go. 

5. Turn off the P.E. 2380 power switch. 

6. Put burner head in D.I. water overnight. 

7. Rinse the burner chamber with 0.1. water. 

K. Atomic Absorption - Maintenance 

The daily and weekly and monthly maintenance procedures are discussed 
in this section. 

METALFLl-7 



Daily Cleaning Schedule 

1. Burner Heads 

Due to the nature of our samples (mainly high dissolved solids) clean 
the burner head daily. Proceed as follows: 

a. Soak the burner heads in a weak detergent solution, overnight. 

b. In the morning, rinse the burner head with D.I. water and wipe dry. 

c. Replace the burner head in the burner chamber. 

d. Using a name card or equivalent, clean the burner head slot. 

e. Press the oxidant button on the A.A. {this forces air through the 
burner head) wipe off excess water expelled. 

2. Burner Chamber 

a. Rinse the chamber at the end of each day. 

1. Remove burner head. 

2. Pour D.l. water into burner chamber. 
This flushes the drain system as well 
as the burner chamber. 

3. Windows 

Check the windows of the A.A., if they are dirty, clean with isopropol 
alcohol; rinse with D. I. water. 

4. Nebulizer 

Each morning, push the brass wire through the capillary. This will 
dislodge any solid particles. 

If you notice a low sensitivity reading or the capillary isn't aspirating 
as fast as before, repeat the above procedure. 

Weekly Cleaning Schedule 

1. Empty the drain jug 

a. Empty jug into sink, being careful due to the acid content. 

b. Rinse the jug with tap water. 

c •. Fill the jug with 0.1. water to a few inches above the drain 
hose. Water must cover the hose or a flashback may occur. 

METALFLl-8 



' • 
J 
1 

) 
l • 

] 

1 

l 
1 
I 

I. 

2. Cleaning the neubilizer 

a. Remove neubulizer from the burner. 

b. Unscrew the neubilizer. 

c. Carefully pull out the needle assembly (good picture in P.E. 
Model 2380 Atomic Absorption Manual page 1?-6.) 

d. Remove front end cap and 0-ring • 

e. Clean each section with soap and water. Rinse thoroughly. 

f. lightly grease the 0-rings (may be found in top drawer by A.A.) 

3. Cleaning the Neubilizer Assembly 

a. Put the neublizer together, being careful the needle into the main 
component with the needle or face is facing the opening in the body. 

b. Continue to reassemble the nebulizer. 

c. Insert the nebulizer in the burner 

d. Adjust the aspiration rate as described in the set-up procedure 

Monthly Cleaning Schedule 

1. Clean the entire A.A. burner and drain system. 

a. Aspirate a ten percent detergent for 10-15 minutes. 

b. Aspirate 0.1. water for 30 minutes to flush system thoroughly. 

2. Drain air compressor and change the air filter if necessary. 

3. Nebulfz~r (Refer to figure 2) 

a. ClPaning thP nebulizer 

1. Remove the black nebulizer oxidant tubing and loosen the clamp 
screw. Remove the nebulizer from the burner end cap. 

2. Unscrew and remove the knurled knob (1) and washer (3) 

3. Carefully pull out thP needle assembly (4) and inspect the inner 
end for deposits. Clean if required and lay aside. 

4. Remove 0-ring from the other end (12), unscrew and remove the 
front end cap (11), and pull out the venturi (10). 

METALFLl-9 



5. Remove the insert {8) by pushing out with a wooden probe (pencil). 

6. Clean all components with soap and water, gently using a scrub 
pad and without scratching metal (soaking may be used on difficult 
deposits. 

1. Inspect 0-rings (replace when necessary), clean with soap and 
water, dry and lightly grease (special grease is in top drawer 
by A.A.) 

b. Assembling the nebulizer 

1. Slide the needle assembly into the insert as far as it will 
go, and replace into the left end of the nebulizer body. 

-~ Note Make sure the slanted needle opening is facing the opening 
· .:·u of the b~"~dY. 

~ 
'' ' J ,__, 

2. Replace the washer and knurled knob (the needle tip should protrude 
from the small aperture in the insert end). 

3. Install the venturi over the needle tip; put on and tighten the 
front end cap and replace the o-ring on the end of the venturi. 

4. Insert the nebulizer back in the burner, connect the oxidant 
tubing and tighten the clamp screw. 

5. Adjust the aspiration rate and lock setting with the locking 
ring ( 2). 

!) Knc:-~ed Knob 
::!) Locldnt 'F.!nt 
3) 'o.'a she:-
l.) J;e ec! 1 e Asse:::~bly 

5) 0-R!nt 
6) S p:-! n«; 
7) 0-R!n& 0) 
S) lnse:-: 
9) l'eb-.:l!:e:- Boc!y 

10) Ventu:-! 
11) F:-o:'l t En~ Cap 
1::!) 0-R!nt 
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Quality Control: 

1. Refer to specific metal standard operating procedures. 

Notes: 

1. Refer to Perkin-Elmer Operating Procedures manual for further 
instructions. 

2. Intermediate standards must be prepared fresh from purchased 
stock solutions every 6 months. Working standards must be prepared 
fresh every 2 months. -

3. Standards are to be prepared in the same acid concentration as 
the samples being analvzed • 

Michael J. (inskens 
laboratory Manager 

K ~ . ~-Unro..w-
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ALUMINUM 

Method: AA - Flame; DirP.ct Aspiration 

R~ference: EPA 1983, Method 202.1 

•Analytic~l Methods f.or Atomic Absorption Spectrophotometry•. 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.20 mg/L 

Optimum Concentration Range: 0.20 - 50.0 mg/L 

Sample Handling: 
0 'GI 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly. while wastewaters. leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

.. ~ .. 
;.. .-~:. 

'-" 

Instrument Conditions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Aluminium hollow cathode lamp with lamp energy set at 25. 

Wavelength: 309.3 nm 

Slit Widthf 0.7 Normal 

F'ue 1: Acetylene 

Oxidant: Nitrous oxide 

Type of flame: RPd 

Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standa.rd Aluminum Solution (100 mg/L Aluminum): Pipet 10 mL of 
the 1000 ppm stock aluminum solution into a 100 ml volumetric 
flasl<, itdd 1/2 mL HN03, and dilute to the mark. with MilH-Q water. 

2. Standards (Preoare fresh every month.): 

Concentration VC'Ilume of Dilute 
of Stand;jrd Aluminum Standard to 

5.00 mg/L 0.5 ml of 1000 mg/L Al 100 ml 
10.0 mg/L 1 ml of 1000 mg/L Al 100 ml 
20.0 mg/L 2 ml of 1000 mg/L Al 100 ml 
50.0 mg/L 5 ml of 1000 mg/L Al 100 ml 

A lf'1C•1 
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3. Potassium Chloride Solution: In a 1 liter volumetric flask, 
dissolve QSg KC[ in Milli-0 water and dilute to the mark. 

Notes: 

1. 

2. 

3. 

4. 
~ .. 

Samples must be dfluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentration as the 
samples being analyzed. 

The use of background correction is required. 

Aluminum is partially ionized in thP. nitrous oxide-acetylene flame. 
This problem can be controlled by the addition of potassium. Add 
2 mL of 1000 ppm potassium to 100 ml samples, blt~nks and standards. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
SpectroiTIPtry, Flame - Direct Aspiration section of this manual. 

If aluminum is to be run in concentration mode, use the 10.0 and 
50.0 mg/l alufllfnum standards for standardization and follow the 
procedure for analyzing in concentration mode. 

To 10 mL of samples, blanks and standards, a~d 0.2 ml KCL solution. 
Mix and analyze. 

Quality Control: 
........... 
;: , 
'-': 1. Establish a standard curve wHh the standards listed above plus 

a blank. Record the abs~rbance check standard in the absorb~nce 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 10.0 mg/l is to be 
analyzed, at a minimum, ~fter evPry 10 samples. If less than 10 
samples are analyzed, a calibration standard is still reQuired. 
The l~st sample an~lyzed in the run is to be thP calibration 
standard. These standards must be within the acceptable ranges or 
thP samples run after the last accepti!ble check standard are to 
be rea na 1 vzed. Record th~ ca 1 i bra ti on s ta ndfl rds in the QUi! 1 i ty 
control hook. The confidence limits are noted in thP ouality 
control book. 

AlFlC-2 
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3. Duplicate and spike a minimum of 1 out of 10 samoles. If less than 
10 samples are ~nalyzPd. a duplicate and spfke are still reQuired. 
Duplicates are to be averaged. Spike samples with a standard of 
twice thP. concentration of the sample fn a 1:1 ratio of sample to 
Stitnda rd. Spike rPcoverfes and dup11 cates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be appli~d to reduce the interferences. 

Cal cu1ations: 

1. Plot concentration vs absorbance on graph. OetPrmine unknowns using 
qraoh. or 

<'""'. 2. Calculate using linear regression. or 
-~sty 

3. Calculate using concentration mode. 

[ALM-0-15] 
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ANTIMONY 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 204.2 

•Analytical Methods for Furnace Atomic Absorption 
Spectrophotometry•, 1982, Perkin-Elmer Corporation 

•Techniques in Graphite Furnace Atomic Absorption 
Spectrophotometry•, 1985, Perkin-Elmer Corporation 

Contact Laboratory Program, •statements of Work", July, 1985 

· ~Detection Limit: 0.005 mg/L 
-~:.; ... ~{~~ 

" ··.~::)'ootimum Concentration Range: 0.005 - 0.050 mg/L 

. . 
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Instrument Conditions: 

1. Antimony electrodeless discharge lamp with lamp energy set at 7. 

2. Wavelength: 217.6 nm 

3. Slit Width: 0.2 Alternate 

4. Mode: Peak Height 

5. HGA Furance Programming: 

Step 2: 900 (char temp ___ 5_ ramp time _lQ_ hold time 
Step 1: 120 (dry temp! _!Q_ !ramp time! _zQ_ !hold time! 
Step 3: 2400 (atom temp ___ o_ ramp time __1_ hold time 

* Also press the read, record and stop flow buttons; 
t • 3 sec. 

Step 4: 2400 (max temp) ____ o (ramp time) __1_ (hold time) 

Press the record button. 

6. Sample Volume : 20 ul 

7. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/L. 

8. Platform is required. 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

[C-600-9la] 
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Reagent PreParation: 

1. Standard Antimony Solution (1000 ug/l Antimony): Pipet 1.00 ml of the 
1000 ppm stock antimony solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with D.I. water. Prepare fresh 
every 1n0ntfl. 

2. Standards (Prepare fresh every week.): 

Concentration Volume of Dilute 
of Standard Antimgnx Sttndird tQ 
10.0 ug/l 1 ml of 1000 ug/l Sb 100 ml 
20.0 ug/l 2 ml of 1000 ug/l Sb 100 ml 
50.0 ug/l 5 ml of 1000 ug/l Sb 100 ml 

3. ~ick~l ~itrate ~% ~olytion: 
of D. I. water. 

Dissolve 25.0g of nickel nitrate in 100 ml 

'-- fi2ill.: 

_:._) 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. The use of halide acids should be avoided. 

5. Nickel nitrate is added as a matrix modifier to control interferences. 

6. Platform technique is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

To 5 ml of samples, blanks, and standards add 0.1 ml of Ni (N03)2 
solution. 

For the use of concentration mode, use the 20.0 and 50.0 standards 
and follow the procedure for using the concentration mode. 

Oualitv Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 

[C-600-9la] 
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2. 

3. 

4. 

not, necessary troubleshootin~ must be performed before continuing 
(check wavelength, furnace al1gnment, lamp alignment, graphite tube, 
etc.). . 

A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. T~ese standards 
must be within acceptable ranges or the samples run after the last 
accegtable calibration standard are to be reanalyzed. Record the 
calf ration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike sam~les with 
standard of twice the concentration of the sample in a 1:1 ratio of 
sample to standards. Spike recoveries and duplicate results are to be 
within an acceptable ranges or the use of dilution, or method of 
standard additions is to be applied to reduce the interferences. 

For every sample analyzed, an analytical spike (at the bench) must be 
run to verify that standard additions are not required. Criteria for 
standard additions are: 

a. If the spike recovery is within 85-115~, standard additions are 
not required. 

b. If the spike recov.ery is outside 85-115~, standard additions are 
required. 

5. An EPA reference standard will be analyzed with each analysis. 

;~ Ca 1 culat ions: 
J 

j 

) 

1 
J 

J 
• 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 

[C-600-91a] 
SbFu3C-3 



ANTIMONY 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 204.1 

•Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.50 mg/l 

Optimum Concentration Range: 0.50 - 20.0 mg/l 

SAmple Handling: 
0 
oft-a.~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics May be analyzed directly, while wastewaters, 
le-1chates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analvze 
within 6 months. 

lnstrumPnt Conditions: 

1. Antimony electrodeless discharge lamp with lamp energy set at 7. 

2. Wavelength: 217.6 nm 

3. Slit Width: 0.2 Normal 

4. Fuel: AcE>tylene 

5. Oxidant: Air 

·,__,/ 6. Type of flame: Oxidiz;ng. lean, blue 

"---" 7. Standards to use for curve set-up: 2.00, 5.00, 10.0, 20.0 mg/L. 

Qeagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Antimony Solution (100 ma/L Antimonv): Pipet 10 mL of the 
1000 ppm stock antimony solution into a 100 mL volumetric flask, 
add 1/2 mL HN03, and dilute to the mark with Millf-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Antimon~ Standard to 

2.00 mg/L 2 ml of 100 mg/l Sb 100 rnl 
5.00 mg/l 5 ml of 100 mg/l Sb 100 ml 
10.0 mg/L 10 ml of 100 mg/l Sb 100 ml 
20.0 mg/l 20 mL of 100 mg/L Sb 100 mL 

SbFlC-1 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. · 

2. Standards are to bP prepared in the s~ne acid concentrations as the 
samples being ana lvzed. 

3. The use of background correction is required. 

J 

~~ 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where high concentrations of antimony 
are expected and low detection lfmi ts are not required. 

5. lead, in concentrations of >100 mg/l, may interfere. Use an 
alternate waveler.gth of 231.1 nm in this situation .. 
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Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If antimony is to be analyzed in concentration mode, use the 
10.0 and 20.0 st~ndards for standardization and follow the 
procedure for analyzing in the concentration mode. 

Quality Control: 

0 

1. 

2. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, neces~ary troubleshooting must be performed 
before continuing (check wavelength, flame head alignmP.nt, lamp 
alignment, etc.). 

A quality control calibration standard of 5.00 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are ana.y,ed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards ~ust be within acceptable ranges·or the samples run 
after the last accep.table check standard are to be reanalyzPd. 
Record the calibration standards fn the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplic~te and spikP a minimu~ of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike s~mples with a standard of 
twicP the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
rangP.s or the use of dilution or method of standard artditions is 
to be applied to reduce the interferences. 

SbFlC-2 



Ca lcula ti ons: 

,,::?\ 
~ 

1. Plot concentration vs absorbance on graph. Determine unknowns using 

graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentr~tion mode. 

(ALM-8-8] ShFlC-3 
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ARSENIC 

Method: AA- Furnace; Direct Injection 

Reference: EPA 1983, Method 206.2 

•Analytical Methods for Furnace Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

•Techniques in Graphite Furnace Atomic Absorption Spectrophotometry•, 
1985, Perkin-Elmer Corporation 

Contract laboratory Program, •statement of Work•, July, 1985 

Detection limit: 0.002 mg/l 

Optimum Concentration Range: 0.002 - 0.050 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Analyzed within 6 
months. All samples must be digested prior to analysis. 

Instrument Conditions: 

1. Arsenic electrodeless discharge lamp with lamp energy set at 8. 

2. Wavelength: 193.7 nm 

3. Slit Width: 0.7 Alternate 

4. Mode: Peak height 

S. HGA Furnace Programming: 

Step 1: 130 
Step 2: 1300 
Step 3: 2500 

(dry temp} 10 (ramp time) 20 {hold time) 
(char temp) ---..1-:::-0- (ramp time) 10 (hold time) 
(atv.n temp) 0 (ramp time) 3 (hold time) ---

* Also press the read, record and stop flow buttons; enter t = 3 sec. 

Step 4: 2500 (max temp) _ __;0;...__ (ramp time) __ 3 __ (hold time) 

Press record button. 

6. Sample Volume: 20 ul 

1. Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L. 

8. Pyrolytic tubes must be used. 

AsFuC-1 



Reagent Preparation: 

1. Standard Arsenic Solution (1000 ug/L Arsenic): Pipet 1.00 ml of 
the 1000 ppm stock arsenic solution into a 1000 ml volumetric 
flask, add 1/2 ml HN03, and dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

2. Standards (Prepare fresh every week.): 

Concentration Volume of Dilute 
of Standard Arsenic Standard to 

0 ug/L 0 ml of 1000 ug/L As 100 ml 
5 ug/L 1/2 ml of 1000 ug/L As 100 ml 

10 ug/l 1 ml of 1000 ug/L As 100 ml 
20 ug/L 2 ml of 1000 ug/L As 100 ml 
50 ug/L 5 ml of 1000 ug/L As 100 ml 

"- Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. Nickel nitrate is added as a matrix modifier to minimize volatilization 
losses during the drying and charring steps. 

4. The use of the background correction is required. 

5. High concentrations of phosphorus interfere with this procedure. 
The gaseous hydride method for arsenic should be used in these 
cases. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

Prior to Analysis: To 5 ml of digested sample or standard, 
add 0.1 rnl of 5~ nickel nitrate solution. Mix well. 

If Arsenic is to be analyzed in concentration mode, use the 20 
and SO ug/l arsenic standards and the procedures for analyzing 
in the concentration mode. 

AsFuC-2 
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Quality Control: 

1. 

2. 

3. 

Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run to 
run. If not. necessary troubleshooting must be perfonmed before 
continuing (check wavelength, furnace alignment, lamp alignment, 
graphite tube, etc.). 

A quality control calibration standard of 20 ug/l is to be 
analyzed, at a minimum. after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must. be within acceptable ranges or 
the samples run after the last acceptable calibration standard 
are to be reanalyzed. Record the calibration standard in the 
quality control book. The confidence limits are noted in the 
quality control book. 

A digested duplicate and spike a minimum of 1 out of 10 samples. 
If less than 10 samples are analyzed, a digested duplicate and 
spike are still required. Duplicates are to be averaged. Spike 
samples with a standard of twice the concentration of the sample 
in a 1:1 ratio of sample to standards. Spike recoveries and 
duplicate results are to be within acceptable ranges 0~-the use of 
dilution, or method of standard additions is to be applied to 
reduce the interferences. · 

4. For every sample analyzed, an ar.alyt ical spike (at the bench) 
must be run to verify that standard additions are not required. 
Criteria for standard additions are: 

a. If the spike recovery is within 85 115~. standard additions 
are not required. 

b. If the spike recovery is outside 85 - 115~. standard additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance on graph. Determine unknowns 
using graph, or 

2. Calculate using linear regression, or 

AsFuC-3 



3. Calculate using the concentration mode. 

~~ -.-. 

·.J 

[ALM-Sa-9] AsfuC-4 



' i 1 

' • 

J 

BARIUM 

Method: AA - Flame; Direct Asniration 

Reference: EPA 1983. Method 208.1 

•Analytical Methods for Atomic Absorption Spectrophotometry•. 
1982. Perkin-Elmer Corporation 

Contract laboratory Progra~. •statement of Work•. July. 1985 

• ~etection l imft: 0.20 mg/l 

. 
' .! 

] 

1 

Optimum Concentration Range: 0.20 - 10.0 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly. while wastewaters. 
leachates. solids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyze within 6 months. 

Instrument Conditions: 

1. Barium hollow cathode lamp with lamp energy set at 25. 

2. Wavelenqth: 553.6 nm 

3. Slit Width: 0.2 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

6. Type of flame: Red 

7. Standards to use for curve set-up: 1.00. 2.00. 5.00. 10.0 mg/L. 

Reagent_Preparation: (Prepare fresh every 6 months unless otherwisP. noted.) 

1. Standard Barium Solution {100 mg/l Barium): Pipet 10 ml of the 
1000 ppm stoc~ barium solution into a 100 ml volumP.tric flask. 
add 1/2 ml HN03 and dilute to the mark with Milli-Q water. 



2. Standards (Prepare fresh every 1 month.): 

Con centra tf on Volume of Dilute 
of Standard Barium Standard to 

1.00 mg/L 1 nt. of 100 mg/L Ba 100 mL 
2.00 mg/L 2 ml of 100 nag/L Ba 100 nt. 
5.00 mg/L 5 mL of 100 mg/L Sa 100 mL 
10.0 mg/l 10 nt. of 100 mg/L Ba 100 mi.. 

3. Potassium chloride solution: In a 1 liter volumetric flask, 
dissolve 95g .KCl in Milli-Q water and dilute to the mark. · 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration ra~ge. 

2. Standards are to be prepared fn the same acid concentrations as the 
samples being analyzed. 

3. Barium is easily ionizPd in the nitrous oxide-acetylene flame. This 
can ~ controlled by the ~d~itfon of potassium. Add 2 ml of 1000 ppm 
potassium to 100 mL sample and standards. 

4. High calcium can cause an extremely noisy signal and high false 
positive values. 

5. This flame procedure can be used for digested samrles, EP Toxicity 
samples or ~ny other samples where low dPtection limits are not 
reauired. EP Toxicity samples must be spiked to verify that 
standard additions are not required • 

._!_ 
Procedure: For the analysis procedure, refer to the Atom;c Absorption 

SpectromPtry, Flame - Oirect Aspiration SP.Ction of this manual. 

Potassium ch .v:ide solution is addt:>d as a matrix modifier to 
the samples and standards at a ratio of 0.2 mL KCL to 10 rrt.. 
of sample or standard. 

If barium is to be run in concentration mode, use the 5.00 and 
10.0 standards and follow the procedurP for analyzing in the 
concentration mode. 

Qua li ty Con tro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the ahsorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head ~lignment, lamp 
a 1 i gnment, etc. ) . 

AaFlC-2 
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2. A quality control calibration stand~rd of 5.00 mg/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard fs still required. The last 
sample analyzed in the run is to be the calibration standard • 
These standards must be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control bnok. 

3. Duplicate and spike a mfnfmum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Ouplicates are to be averaged. Spike samples with a standard of 
twicP the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reducP the interferences. 

C~tl cu 1 a tf on s: 

·--~. · .. \ 

'-<.J 

1. Plot concentration vs absorbance on 9raph. Determine unknowns 
using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[ALM-10-1] BaFlC-3 



RERYLLIUM 

Method: AA - Flame;· Direct Aspiration 

Reference: EPA 1983, Method 210.1 

"Analytical Methods for Atomic Absorption Spectrophotometry". 
1982, Perkin-Elmer Corporatio" 

Detection limit: 0.02 mg/l 

Optimum Concentration Ranqe: 0.02 - 2.00 mg/L 

Sample Handlinq: 
-~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly. while wastewaters, 
leachates, solids, etc. must be diQested prior to 
analysis (refer to appropriate digestion procedures). 
Analyze within 6 months. 

Instrument Conditions: 

1. Beryllium ~ollow cathode lamp with lamp energy set at 30. 

2. Wavelength: 234.9 nm 

3. Slit Width: 0.7 Normal 

4. Fu~l: Acetylene 

. ....., 

.. ' ··.I 

5. Oxidant: Nitrous oxide 

-~ 6. Type of flame: Red 

7. Standards to use for curve set-up: 0.20, 0.50, 1.00, 2.00 mg/L. 

Reaqent Preparation: (Pr~pare fresh every 6 months unless otherwise noted.) 

1. Standard Beryllium Solution (10.0 mg/L Beryllium): Pipet 10 mL of 
the lOOO ppm stock beryllium solution into a lOOO ml volumetric 
flask, add 1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration 
of Standard 

0.20 mg/l 
0.50 mg/l 
1.00 mg/l 
2.00 mg/l 

Volume of 
Beryllium Standard 

2 ml of 10.0 mg/L Be 
5 ml of 10.0 mg/L Be 
10 ml of 10.0 mg/l Be 
20 ml of 10.0 mg/l Be 

SeFlC-1 

Di 1 ute 
to 

100 ml 
100 mL 
100 ml 
100 ml 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same ACid concentrations as the 
samples bfling analyzed. 

3. The use of background correction is required. 

4. Sodium and si 1f con in e·xcess of 1000 mg/l severely ~epress the 
absorbance for beryllium. The addition of oxine (8-hydroxyqufnoline) 
as ~ matrix modifier will control these interferences. 

. ·9 5 • Aluminum of· concentrations of 500 ug/L will depress the sensitivity. 

) 
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Procedure: For the analysis procedure, refer to thP Atomic Ahsorotfon 
Spectrometry. Flame - Direct Aspiration section of this manual. 

If beryllium is to be run in concentration mode. use the 1.00 
and 2.00 standards and follow the procedure for analyzing in 
the concPntra tf on mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance ChPclc standard in the absorbance 
check boolc. The absorbances should remain consistent from run 
to run. If not, necess~ry troubleshooting mJst be performed 
bPfore continuing {check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 0.50 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, il calibration standard is stnl required. 
The last samplP analyzed in -:he run is to be the calibration 
standard.· These standards must be within the acceptable ranges or 
the samples run after the last acceptable chP.ck standard are to 
be reanalyzed. Record the calibration standards in the quality 
control book. The confidence limits are noted in the quality 
control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samoles are analyzed, a duplicate and spike are still required. 
Ouplicat,:os are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplfc.:ttes are to be within acceptable 
ranoP.s or the use of dilution or mPthod of standard additions is 
to be applied to reduce the interferencPs • 

BeflC-2 



Calculations: 
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1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. C~lculate using thP. concentration mode • 

[ALt-4-10-2] 
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CADMIUM 

! Method: AA - Flame; Direct Aspiration 
l 

Reference: EPA 1983, Method 213.1 

•Analytical Methods for Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

J Oetection limit: 0.01 mg/l 

Opti~m Concentration Range: 0.01 - 1.00 mg/l 

) Sample Handling: Acidify with nitric acid to pH < 2. Orinking waters and 
filtered qroundwater free of particulatP matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be diqested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

--.· 

l 
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~ Instrument Conditions: 
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1. C3dmium hollow cathode lamp with lamp energy set at 4 • 

2. Wavelength: .228.8 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. 

7. 

Type of flame: Oxidizing, lean, blue 

Standards to use for curve set-up: 0.10, 0.20, 0.50, 1.00 mg/L. 

Reagent Prepa rat~ on: (Prepare fresh every 6 months unless otherwise noted.) 

1. Stand;,rd Cadmium Solution (10.0 mg/l Cadmium): Pipet 1 nt. of the 
1000 ppm stock cadmium solution into a 100 mL volumetric flask, 
add 1/2 nt. HN03 and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of Standard Cadmium Standard to 

0.10 rnq /L 1 ml of 10.0 mg/L Cd 100 rnl 
0.20 rng/L 2 ml of 10.0 mg/L Ct1 100 nt. 
0.50 mg/L 5 IT'll of 10.0 mg/L Cd 100 mL 
1.00 mg/L 10 ml of 10.0 mq/l Cd 100 ml 

CdFlC-1 



Notes: \ 

~ 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. · 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples, or ·any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

~ocedure: For the ana lysf s procedure, refer to .the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If cadmium is to be run in the concentration mode, use the 0.50 
and 1.00 standards and follow the procedure for analyzing in 
concentration mnd~. 

Quality Con tro 1: 

. ..--,. 
- .; >~ 
'-.;_./' 

1. EstabHsh a standard curve with the standards listed above plus 
a blank. Record the absorbance. chPck standard in the absorbance 
check book. T~e absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performe~ 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). · 

2. A quality control calibration standard of 0.10 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within 
acceptable ranges or the use of dilution or m?thod of standard 
additions is to be applied to reduce the interferences. 

CdFlC-2 
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1. Plot concentration vs absorbance on graph. Determine unknowns using 
graoh or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[ALMS-10] 
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CADMIUM 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 213.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

"Techniques fn Graphite Furnace Atomic Absorption Spectrophotometry•. 
1985, Perkin-Elmer Corporation 

Contract L~boratory Program, •statement of Work•, July, 1985 

~ Detection Limit: 0.0002 mg/L 

Optimum Concentration Range: 0.0002 - 0.0020 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. All samples must be 
digested prior to analysis (refer to appropriate digestion 
procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Cadmium hollow cathode lamp with lamp energy set at 4. 

2. Wavelength: 228.8 nm 

3. Slit Width: 0.7 Alternate 

4. Mode: Peak area 

5. HGA Furnace Programming: 

S ten 1: 120 
250 

2100 

(dry temp) 10 (ramp time) 20 (hold time) 
(char temp) Io (ra~ Hme) 2o (hold time) Step~:: 

Step 3: 
--:--(atom temp) 2 (ramp time) 3 (hold time) -------- ---------

* Also press the read, record and stop flow buttons; enter t = 5 sec 

Step 4: 2700 (max temp) 1 (ramp time) 5 (hold time) 
---~- -~--

Press record button. 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, ug/L 

8. Pyro lytic tubes must be used. 

CdFuC-1 
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Reag~nt Preparation: 

,..-. 
'Y ·~~ .. ·. 

1. Standard Cadmium Solution (1000 ug/l Cadmium): Pipet 1.00 mL of 
the Iooo ppm stock cadmium solution into a Iooo mL volumetric 
flask, add 1/2 ml HN03, and dilute to the mark with Millf-Q water. 
Prepare fresh every month. 

2. Working Cadmium Solution (100 ug/1 Cadmium): Pipet 10 mL of the 
looo ug/1 cadmium into a 100 mL volumetric flask and dilute to 
the mark with MH11-Q water. Prepare fresh every month. 

3. Standards (Prepare ffesh every week.): 

Con centra tfon Volume of Dilute 
of Standard Cadmium S ta nda rd to 

0.00 ug/L 0 ml of 100 ug/l Cd 100 ml 
0.50 ug/l 0.5 mL of 100 ug/L Cd 100 ml 
1.00 ug/l 1 ml of 100 ug/L Cd 100 ml 
2.00 ug/l 2 nt. of 100 ug/L Cd 100 ml. 

Notes: 

.~.-, 

i ·-/ 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range • 

2. 

3. 

4. 

Standards are to be prepared in the s~me acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

The cadmium flame procedure is recommended where concentrations 
of greater than 0.10 mg/L are expected. 

Procedure: for the analysis procedure, refer to the Atomic Absorption 
Spectrometry, ~urnace - Direct Injection section of this manual. 

Use of peak area is required. 

If cadmium is to be analyzed in concentration mode, use the 1.00 
and 2.00 ug/L cadmium standards and follow the procedures for 
analyzing in the concentration mode. 

J Quality Control: 

) 

I 
I 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc. ) • 

CdFuC-2 



2. A quality control calibration standard of 1.00 ug/l is to be analyzed. 
at a minimum. after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard fs still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within the acceptable ranges or the samples run after the 
last acceptable calibration standard are to be reanalyzed. Record 
the calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. A digested duplicate and spike a minimum of 1 out of 10 samples. 
If less than 10 samples are analyzed. a digested duplicate and 
spike are still required. Duplicates are to be averaged. Spike 
samples with a standard of twice the concentration of the sample 
in a 1:1 ratio of sample to standards. Spike recoveries and duplicates 
are to be within acceptable ranges or· the use of dilution, or 
method of standard additions is to be applied to reduce the 
interferences. 

4. For every sample ana.lyzed, an analytical spike Cat the bench) 
nKJst be run to verify that standard additions are not required. 
Criteria for standard additions fs: 

a. If the spike recovery is within 85 - 115S, standard additions 
are not required. 

b. If the spike recovery is outside 85 - 115S, standard additions 
are· required. 

5. An EPA reference sample will be analyzed with each analysis. 

:?.Calculations: 
-;__; 

1. Plot concentrations vs. peak area on graph. Determine unknowns 
using graph. or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

laboratory Manager 

.\\ 'v)Y\ ~;..,'-''\\A!>. 
Kim D. Finner 
~njlytical laboratory QA Officer 

~~·~ 
lawrence D. Andersen 
Vice Presfdent, Technical Services 

[ALM-Ba-13] CdFuC-3 

Revision Oates 



' I 

J 

J 

1 

CALCIUM 

Method: AA - Flame; Direct Aspiration 

ReferencP: EPA 1983, Method 215.1 

"Analytical Methods for Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

Detection limit: 0.05 mg/l 

Optimum Concentration Ranqe: 0.05 - 25.0 ~g/L 

Sampling Handling: 

~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filterPd groundwatf'r free of particulate matter and organics 

~ \Cij may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

J 
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Instrument Conditions: 

1. The Ca-Mg combination hollow cathode lamp is used. Set lamp 
energy to 21). 

2. Wavelength: 422.7 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing. lean, blue 

7. Standards to use for curve s~t-up: 2.00. 5.00, 10.00, 25.0 rng/l. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Calcium Solution (100 mg/l Calcium): Pipet 10 mL of the 
1000 ppm stock calcium solution into a 100 ml volumetric flask, 
add 1/2 ml HN03, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every 2 months.): 

Con centra ti on Volume of Oi lute 
Clf S ta nda rd Calcium Stand~rd to 

2.00 mg/l 2 ml of 100 mg/l Ca 100 ml 
5.00 rng/l 5 ml of 100 mg/l Ca 100 mi... 
10.0 mg/L 10 ml of 100 mg/L Ca 100 ml 
25.0 mg/L 25 mL of 100 mg/L Ca 100 ml 

ca2-1 



3. lanthanum Chloride Solution: In a 500 ml volumetric flask, dissolve 
29g of lal03 slowly and in small portions, in 250 ml cone. HCL 
(CAUTION: Reaction is violent!) and dilute to 500 ml with Mi111-Q 
water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prep~red in the same acid concentrations as the 
samples being analyzed. 

3. s i1 icon. a 1 umfnum, p hoso hate and su 1 fate depress the signa 1 for 
c~lcium. lanthanum chloride is added as a nAtrix modifier to 
control these interferences. 

Procedure: For the analysis procedure, refer to the Atomic Absorption Spectro
metry, Flame - Direct Aspiration section of this manual but make the 
following changes: 

1. Turn th~ burner head counter clockwise as far as it will 
go (approximately a 45• angle). 

2. Lanthanum chloride solution 1s added as a matrix modifier 
to the samples and standards in a ratio of 1.0 nt. lanthanum 
chloridP. solution to 10 ml samples. blanks ~nd standards. 

3. If calcium is to be run in the concentration mode, use th~ 
5.00 and 25.0 standards and follow the procedure for analyzing 
in concentration mode. 

'- Quality Control: 

1. Establish a standard curve with the standards listed above plus~ 
blank. Record the absor~nce check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength. flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 10.0 mg/l is to be 
analyzed, at a minimum, aftPr every 10 samples. If lP.ss than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must he within acceptable ranges or the samples run 
after the last acceptable check standard are to he reanalyzed. 
Record the c~libration standards in the quality control book. The 
confide~ce limiTs are noted in the quality control book. 
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3. Duplic~te and spike a minimu~ of 1 out of 10 samples. If less than 
10 sampl~s are analyzed. a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples wit~ a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Ca lculatfons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph. or 

2. Calculate using linear regression • 

3. Calculate using the concentration mode. 

~~JQ.~ IV; 
Michael J. [inskeni 
laboratory Manager 

X' ~ . \\L,\~~ 
R"nn"b?wn~ ~~ 
Analytfc•~rat:ry QA/QC Officer 

,4 ..... ~~ ,j~ff/ 
lawrence D. Andersen ' 
Vice President, TP.chnical Services 
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CHROMIUM 

Method: · AA - Flame: Direct Aspiration 

Reference: EPA 1983, Method 218.1 

•Analytical Methods for Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/l 

Optimum Concentration Range: 0.05 - 5.00 mg/L 

Sample Handling: Acidify with nitric acid to pH ( 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed dfrectly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Chromium hollow cathode lamp with lamp energy set at 25. 

2. Wavelength: 357.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of f1ame: Reducing, rich, yellow 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted. 

1. Standard chromium solution (100 mg/l Chromiumn): Pfpet 10 ml of the 
1000 ppm stock chromium solution into a 100 ml volumetric flask, add 
1/2 ml HNo3, and dilute to the mark with DI water. 

[V-600-99A] 
CrF12C-1 
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2. Standards {Prepare fresh every 2 months.): 

3. 

Notes: 

1. 

2. 

3. 

Concentration Volume of Dilute 
of Standard Chromium Standard to 

0.50 mg/l 0.5 ml of 100 mg/l Cr 100 ml 
1.00 mg/l 1 ml of 100 mg/L Cr 100 ml 
2.00 mg/l 2 ml of 100 mg/L Cr 100 ml 
5.00 mg/L 5 ml of 100 mg/L Cr 100 ml 

Ammonium bffluoride (lOS): Dissolve lOg of ammonium b1fluor1de and 2g 
of sodium sulfate fn DI water. Dilute to 100 ml. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range • 

Standards are to be prepared fn the same acid concentrations as the 
samples being analyzed. 

A solution of ammonium bifluoride and sodium sulfate is added as a 
matrix modifier to control interferences from iron, nickel and other 
metals. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not requ1$d. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame- Direct Aspiration section of this manual. 

Add 1 ml of ammonium bifluoride solution to 10 ml of samples, 
blanks, and standards. 

If chromium is to be run in the concentration mode, use the 2.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard 1n the absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, flame head alignment, lamp alignment, etc.). 

[V-600-99A] 
CrF12C-2 
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2. A quality control calibration standard of 2.00 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within the acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. Record 
the calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample 1n a 1:1 ratio of sample to standard. 
Spike recoveries and duplicates are to be within acceptable ranges or 
the use of dilution or method of standard additions is to be applied 
to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode. 

[V-600-99A] 
CrF12C-3 



! 
j 

l 
J 

J 
----

~ 
·t] ~~ .. 

<~..; ... · 

J 

l 
l 

·::~~ 
I 

J 
...._... 

j 

) 

J 

1 
• t 
i 
f 

CHROMIUM 

M~thod: AA -.Furnace; Direct InjPction 

Reference: EPA 1983, Method 218.2 

"Analytical Methods for Furna.ce Atomic Absorption Spectrophotometry", 
1982, Perkin-ElmPr Corporation 

"Techniques in Graphite Furn·ace Atomic Absorption Spectrophotometry". 
1985, Per~i n~E.lr!!er -c~rpora~ion 

Contract laboratory Program, "Statement of Work", July, 1985 

Detection limit~ 0.0002 mg/l 

Optimum Concentration Range: 0.0002 - 0.010 mg/l 

SamplP 
.... 

• f . • . 

Handling: .. A~idffy ~ith ~itric ~cfd to pH< 2. Drinking watP.rs and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while was~ewaters, leachates. 
solids, etc. must be digested prior to analysis (refer to 

.. aporopriate digPstion procedures). Analyze within 6 months. 
... 

Instrument Conditions: 

1. Chromiulfl hal low cHhode lamp with lamp energy SPt at 25. 
'· 

2. Wavelenqth: 357.9 nlfl 

·3. Sfit Width: 0.7 Alternate 

4. Mode: Peak hPight 

5. HGA Furnace Prograwming: 

Step 1: 130 
1ooo 
2300 

(dry temp) 15 (ramp time) 15 (hold time 
( chil r temp) Io (ramp time) 15 (hal d time 
(iitom temp) -;;;.,or--- (ramp time) __..;;;.,o3....- (hold time 

Step 2: 
Step 3: 

* Also press the read, record and stop flow buttons; enter t = 3 

Step 4: 2 300 (rna x temp) 0 {ralflp time) 3 (hold tim 

Press the rpcord button. 

6. Sample Volume: 20 ul 

7. Standards to u·se for curve set-up: 1.00, 5.00, 10.0 uo/L. 

CrFuC-1 
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Reagent Preparation: 

1. Standard Chromium Solution (1000 ug/l Chromium): Pipet 1.00 mL of 
the lOOO ppm stock Chromium solution into a 1000 ml volumetric flask, 
add 1/2 ml HNOJ, and dilute to the ~rk with Mi111-0 water. Prepare 
fresh evPry month. 

3. St~ndards (Prepare frpsh every week.): 

Concentration 
of Standard 

1.00 ug/l 
5.00 ug/l 
10.0 uq/L 

Volume of 
Chromium Standard 

1.0 ml of 100 ug/l Cr 
5.0 mL of 100 ug/l Cr 

10.0 ml of 100 ug/l Cr 

Of lute 
to 

100 ml 
100 ml 
100 mL 

4. Calcium Nitrate: 11.8g Ca(N03)2• dilute to 100 ml a volumPtric fl~sk. 

S. Hydrogen Peroxide: JOS H2D2• ourch~sed. 

·5. Mixed Ca(NOJ) + HzOz Solution: 10 mL Ca(NOJ)2 ml in a volumetric 
flask solution + 10 ml HzOz, dilute to 100 ~. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2 • Standards are to be prepared in the samP acid concentrations as the 
samples being analyzed. 

3. Low concentrations of calcium may cause interferences, yet at 
concentrations above 200 mg/l calcium, the effPct is constant. To 
ensure a constant effect, calcium is added as a rMtrix modifiPr. 

4. 30t hydrog~n oeroxide is a~ded (1 ml of 30S HzOz to 100 mL sample 
and stttnd~rds) to convprt all chromium to the trivalent state. 

5. Be careful when rep~rting units! 

ProcedurP: for the analysis procedure, refer to the Atomic Absorption 
Spectrometry. furnace - Direct Injection section of this manual. 

To 10 ml of samples, stand~rds, and blanks add 1 ml of the Ca(N03) + 
H2o2 solution. 

If chromium is to be analyzed in concentration mode, use the 
5.00 and 10.0 ug/L chromium standards and follows the procedure 
for analyzing in the concentration mode. 

CrFuC-2 
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Quality Control: 

1. 

2 • 

3. 

Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. ThP absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

A quality control calibration standard of 5.0 ug/1 is to be analyzed, 
at a minimum, aftpr every 10 samples. If less than 10 samples are 
analyzed, a calibration standard 1s still required. The last sample 
analyzed in the run fs to be the calibration standard. These standards 
must be within acceotable ranges or the samples run after the last 
acceptable calibration- standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the nua 1i ty control bnolc. 

Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still required. Duplicates are to be averaged. Spike samples with 
a standard of twicE- the concentration of the sample in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicate results are 
to be within acceptahle ranges or the use of dilution, or method of 
srandard additions is to be applied to reducP the interferences. 

4. For every sample analyzed, an analytical spikP (at the t>Pnch) must 
be run to verify that standard additions are not required. Criteria 
for standard additions are: 

a. If the spike recovery is within 85-1151, standard additions 
are not required. 

b. If the spike recovery is outside 85 - llSS, stanaard additions 
are required. 

5. An EPA refE-rence saP'ple will be analyzed with each analysis. 

CrFuC-3 
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Calcuhtions: 

1. Plot concentrations vs. absorbance (or peak h~ight) on graph. 
D~termine unknowns using graph, or 

2. CalculatP using lin~ar regression, or 

J. C~lculate using the concentration mode. 

~~kr 
Michael J. l1nskens 
laboratory Manager 

Ana2J'tica1 la~atory QA/QC Officer 

~£4-. ;LfQ;r 
lawrence D. Andersen 
Vice PresidPnt, Technical Services 

CrFuC-4 

[ALM-Sa-21] 

Revision Date 

11-14-86 

4-13-87 

1-\c,-'&<6 



I 
J 

J 

1 

COBALT 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 219.1 

NAnalytical Methods for Atomic Absorption SpectrophotometryN, 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.05 mg/L 

Opti~um Concentration Ranqe: 0.05 - 5.00 mg/L 

J Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulilte matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 
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Instrument Conditions: 

·. ' 
·--~ 

1. Cobalt hollow cathode lamp with lamp energy set at]. 

2. Wavelength: 240.7 nm 

3. Slit Width: 0.2 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. 

7. 

Type of flame: Oxidizing. lean. blue 

Standards to use for curve se~-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standa~d Cobalt Solution (10.0 m /l Cobalt): Pipet 1.0 ml of thP. 
ppm stock coba t so ution into a ml volumetric flask,add 

1/2 ml HNOJ and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of Standard Coba 1 t Standard to 

0.50 mg/l 5 ml of 10.0 mg/l Co 100 ml 
1.00 mg/l 10 ml of 10.0 mg/l Co 100 ml 
2.00 mg/l 20 ml of 10.0 mg/L Co 100 ml 
5.00 mg/L 50 ml of 10.0 mg/L Co 100 ml 

CoFlC-1 



Notes: 

1. 

2. 

3. 

4. 

••cedure: 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

This flame procedurP can be used for digested samples, EP Toxicity 
samples or any other samples where high concentrations of cobalt 
(concentrations greater than 0.50 mg/l) are expected and low detection 
limits are not required. 

For the analysis procedure, refer to the Atomic Absorption 
Spectro~trv. Flame -Direct Aspiration section of this manual. 

If cobalt is to be analyzed in concentration mode, use the 2.00 
and 5.00 standards and follow the procedure for analyzing in the 
concentration mode. 

Qua 1i ty Con tro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Rt>cord the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
ali ~nment, etc.). 

2. A quality control calibration standard of 1.00 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
S-3mples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the: last accP.ptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spikE> are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice. the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranqes or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

CoFlC-2 
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Calculations: 

I. Plot concentration vs absorbance on graph. Oetermine unknowns using 
graph. or 

2. Calculate using linear regression. or 

3. Calculate using concentration mode. 

[ALM-8-14] 
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COPPER 

Metho~: AA - Flame; Direct Aspiration 

Referenc~: EPA 1983, Method 220.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.02 mg/l 

Ootimum Concentration Range: 0.02 - 5.00 mg/l 

Sample Handling: 

6~'!:1 

Acidify with nitric acid to pH < 2. Drinking waters and 
filterPd groundwater fr~e of particulate matter and organics 
may te analyzed directly, while wastewaters. leachates, 
solid~, etc. must be d1ge~ted prior to analysis (refer to 
appropriate di9estions procedures). Analyze within 6 months. 

-. 
Instrument Conditions: 

1. The Copper hollow cathode lamp is used. Set lamp energy to 18. 

2. Wave length: 324.7 nm 

3. Slit Width: 0.7 Normal 

4. Fue 1: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 
.. . . 
.. ___ ) 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 m9/l. 

Reagent Preparation: (F.~~are fresh every 6 ~nths unlPss otherwise noted.) 

1. Standard Cooper Solution (100 mq/l Copper): Pip~t 10 ml of the 
1000 pom stock copper solution into a 100 ml volumetric flask, add 
1/2 nt. HNOJ, and dilute to the nerk with Milli-Q water. 

2. S ta nda rds (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Copper Standart1 to 

0.50 mg/l 0.5 mL of 100 mg/l Cu 100 ml 
1.00 mg/L 1 ml of 100 ~g/L Cu 100 mL 
2.00 mg/L 2 ml of 100 mg/L Cu 100 ml 
5.00 mg/l 5 ml of 100 ~g/l Cu 100 ml 

CuC-1 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. · 

2. Standards are to be prepared in the same acid concentrations as the 
samples bein~ analyzed. 

3. The use of background correction is required. 

Procedure: For the analysis procedure. refer to the Atomic Absorption 
Spectrometry. Flame- Direct Aspiration section of this manual. 

If copper is to be run in the concentration mode. use the 2.00, 
• ~ and 5.00 mg/l cooper standards and follow the procedure for 

-" analyzing in the concentration mode. 

Qua 1i ty Con tro 1 : 

_-.., 
r. ., 
""':.../ 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorhance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength. flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 1.00 mg/L is to be 
analyzed, at a minimum, after every 10 samplf'>s. If less than 10 · 
samples are analyzed, a calibration standard is still reauired. 
The last sample analyzed in the run h to be the calibration standard. 
These standards must bP. within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and SP·~~ a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be withfn acceptable 
ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graoh, or 

2. Calculate using linear regression. or 

CuC-2 



3. Calculate using the concentration mode. 
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IRON 

M~thod: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 236.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

£ Detection limit: 0.05 mg/l 

f 
' 
l 

r • 

Optimum Concentration Range: 0.05 - 5.00 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters 
and filtered groundwater frPe of particulate matter 

~~ 

·and organics ~Y be analyzed directly, while wastewaters, 
leachates, solids, etc. must· be digested prior to analysis 
(refer to aporopriate diqestion procedures). Analyze 
within 6 months. 
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Instrument Conditions: 

1. The Iron hollow cathode lamp is used. Set lamo energy to 18. 

2. Wavelength: 248.3 nm 

3. SH t Width: 0.2 Normal 

4 • Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue.. 

~ 7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Iron Solution (100 m!:t/L Iron): Pipet 10 mls of the 1000 
ppm stock iron solution into a 100 ml volumetric flask, add 1/2ml 

. HNOJ, and dilute to the nark with Millf-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volurre of Oi lute 
of Standard Iron Standard to 

0.50 mg/L 1/2 mL of 100 mg/L Fe 100 ml 
1.00 mg/L 1 ml of 100 mg/L Fe 100 nt. 
2.00 mg/L 2 mL of 100 mg/l Fe 100 ml 
5.00 mg/L 5 mL of 100 mg/l Fe 100 ml 
10.0 ITIQ/l 10 I'll of 100 mg/l Fe 100 ml 
25.0 mg/L 25 ml of 100 mg/L Fe 100 ml 
50.0 mg/L 50 ml of 100 mg/l Fe 100 ml 
75.0 mg/L 75 ml of 100 mg/L Fe 100 ml 

FeC-1 



Notes: 

1. Be very careful when scaling in wavelength, ~ nearby one exists. 

Z. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

3. Standards are to be prepared in the same acid concentrations as 
the samples being analyzed. 

4. The use of backqrm1nd correction fs required. 

5. An alternate wavelength of 373.7 nm can be used for high iron 
'::~ concentrations {concentrations greater than 5.00 mg/L}. The optimum 
-:~-;> concentration range at this wavelength is 1.00 - 100 mg/l fron. 

Standards t~ use are: 1.00, 10.0, 25.0, 50!0 mg/L. The Quality 
'- control calibration standard is the 10.0 mg/l iron standard. All 

other instrument conditions remain the same as those at the 248.3 
nm wave length. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspir~tion section of this manual. 

If iron is to be run in the concentration modP, use the 2.00 and 
5.00 mg/l iron stan~rds (use the 25.0 and 75.0 mg/l iron standards 
if using the 373.7 n~ wavelength) and follow the procedure for 
analyzing in the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus 
a blanlc. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain cons.istent from run 
to run. I~ not, necessary troubleshooting must be performed 
before continuing {check wavelength, flame head alignment, lamp 
ali~nme,nt. etc.) • 

. 2. A Quality control c~libration standard of 0.50 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If le.ss than 10 
samples are analyzed, a calibration standard is still required. 
The l~st sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the sa~ples 
run ~fter the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control hook. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spik~ are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
stanclard. Spike recoveries and duplicates are to be within acceptable 
r~nges or the use of dilution or method of standar·d additions is 
to be applied to reduce the interferences. 

FeC-2 
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Ca 1 cula ti ons: 

~ 

·~!§} 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph. or 

2. Calculate using linear regression. or 

3. Calculate using the concentratfon mode. 

[AU~-8-3] 
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LEAD 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 239.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.10 mg/l 

Optimum Concentration Range: 0.10 - 10.0 mg/L 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matt~r and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be diqested prior to analysis (refer to 
appropriate digestion procedure). Analyze within 6 months. 

Instrument Conditions: 

1. lead electrodeless dishcarge lamo with lamp energy set at 10. 

2. Wavelength: 283.3 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5 • 0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 1.00, 2.00, 5.00, 10.0 mg/l. 

Reagent Pr~p~ration: Prepare fresh every 6 months unless otherwise noted. 

1. St~ndard=Lead Solution (100 mg/l Lead): Pioet 10 ml of the 1000 ppm 
stock lead solution into a 100 mL volumetric flask, ~dd l/2 ml HN03, 
and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard lead Standard to 

1.00 mg/l 1 ml of 100 mg/l Pb 100 mL 
2.00 mg/L 2 ml of 100 mg/l Pb 100 ml 
5.00 rr.g/l 5 ml of 100 mg/l Pb 100 ml 
10.0 mg/l 10 ml of 100 mg/l Pb 100 ml 

PbFlC-1 
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Notes: 

1. 

2. 

3. 

4. 

Samples mJst be dilut~d to obtain concentrations within the optimum 
concentration range. 

Standards ar~ to be prepared in the same acid concentrations as the 
samples being analyzed. 

The use of background correction is required. 

This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions are not required. 

' {2)Procedure: For the analysis procedure, refer to the Atomic Absorpt~on 
Spectrometry, Flame - Direct Aspiration section of this ma.lUal. 

j 

1 
J 

I 
'i . 
' 

If le~d is to be analyzed by the concentration mode. use the 
5.00 and 10.00 mg/l lead standards and follow the procedure for 
analyzing in the concentration mode. 

Qua 11 ty Contro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check stan~rd in the absorbance 
check book. The ~bsorbances should remain consistent from run 
to run. If not. necessary troubleshooting must be performed 
before continuing (check w~velength, flame head alignment. lamp 
alignment, etc.). 

2. A quality control calibration standard of 5.00 mg/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the 1.1st itCCeptable check standard are to be reanalyzed. .'-c:- ... ord 
the calibration standards in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries ana duplicates must be within acceptable 
ranges or thP. use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

PbFlC-2 



Ca 1 cula ti ons: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph or 

2. Calculate using linear regression or 

3. Calculate using the concentration mode·. 

[AL~-8-9] PbFlC-3 
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LEAD 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 239.2 

"Ana lytica 1 Methods for Furnace Atomic Absorption Spectrophotometry•, 
1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry•, 
1985, Perkin-Elmer Corporation 

Contract l~boratory Program, •statement of Work•, Julv 1985 

Detection Limit: 0.003 mg/L 

Optimu~ Concentration Range: 0.003 - 0.050 mg/l 

SamplP Handling: Acidify with nitric ~cid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly• while wastewaters, 1eachates, 
solids, etc. must be digested prior to analysis {refer to 
appropriate digestion procedures). Analyze within 6 months. 

Instrument Conditions: 

1. Lead electrodeless discharge lamp with lamp energy set at 10. 

2. Wavelength: 283.3 nm 

3. Slit Width 0.7 Alternate 

4. Mode: Peak ~eight 

5. HGA Furnale Programming: 

6. 

7. 

Step 1: 130 
s teo 2: -s,;o.;o"o,__ 
Step 3: 2400 

(dry temo} 10 (ramp time) 20 (hold time.) 
( cha r temp} --;I"sr-- ( ra rrp time) ---.lr..O..- ( ho 1 d time ) 
(atom temo) 2 (ramp time} 2 (hold time) 

* Also press the rP.ad. record and stop flow buttons; 
enter t ~ 4 sec. 

Step 4: 2400 (rna x temp} 2 (ramp time) 2 {hold time) ---- -~--

Press record button. 

Sample Volume: 20 ul 

St~ndards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/l. 

PbFuC-1 



Reagent Preparation: 

3. 

1. Standard Lead Solution (1000 ug/L Lead): Pipet 1.00 mL of the 1000 
ppm stock lPad solution into a lOOO mL volumetric flask, ada 1/2 mL 
HN03, and dilute to the mark with Milli-Q water. Prepare fresh 
every month. 

2. Standards (Prepare fresh every week.): 

ConcE~ntra ti on Volume of Dilute 
of Standard lead Standard to 

5.0 ug/L 1/2 nt. of 1000 ug/L Pb 100 mL 
10.0 ug/L 1 mL of 1000 ug/l Pb 100 nt. 
20.0 ug/l 2 mL of 1000 ug/L Pb 100 ml 
50.0 ug/l 5 ml of 1000 ug/l Pb 100 ml 

lanthanum Nitrate Solution: Dissolve 58.64g of lalDJ in 100 mL 
concentrated nitric acid and dilute to 1000 mL with Milli-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration ranae. 

2. Standards are to be prP.pared in the same acid concentrations as 
the samples being analyzed: 

3. The use of background correction is required. 

4. Sulfate is a negative interference for lead. lanthanum nitrate 
solution is added as a matrix modifier in a 1:10 ratio of lanthanum 
nitrate to sample and stand~rds prior t~ analysis. 

S; Be careful when reporting units! 

Procedure: ror the analysis procedure, refer to the Atomic Absorption 
Spectrometry, rurMce - Direct Injection section of this manu a 1. 

To 10 mL samples, blanks and stand~rds, add 1 nt of la(NOJ)2 solution. 

If lead is to be analyzed in concentration mode, use the 20.0 and 
50.0 ug/l lead standard ~nd follow the procedure for analyzing in 
the con centra tf on roode. 

QuA 1 i ty Contro 1: 

1. Establish a standard curve with the standt~rds listed above plus a 
b1anlc. Record the absorbance chPck sti!ndard in the t~bsorb~nce ch~ck 
book. The absorbances should remain consistent from run to run. If 
not, nP.cessary trouhleshooting must be performed bPfore continuing 
(check wavelength, furnace align~nt, l~mp alignment, graphite tube, 
etc.>~ 

PbFuC-2 
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2. A quality control calibration standard of 20.0 ug/1 is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable.ranges or the samples run after the last 
acceptablP. calibration standard are to be reanalyzed. RPcord the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Digest a duplicate and spike; a minimum of 1 out of 10 samples. If 
less than 10 samples are analyzed, a digested duplicate and spike are 
still reauired. Duplicates are to be averaged. Spike samples with 
a standard of twice the concentration of the samplP in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicate results are 
to be within acceptable ranges or the use of dilution, or method. of 
standard additions is to be applied to reduce the interferences. 

4. For every sample analyzed, an analytical spike (at the bench) nust 
be run to verify that standard additions are not required. Criteria 
for standard ~dditions are: 

a. If the spike recovery is within 85-115%, standard additions 
are not required. 

b. If the spike recovery is outside 85 - llSS, stand~rd additions 
are required. 

5. An EPA reference sample will be analyzed with each analysis. 

Ca 1 cula tions: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using granh, or 

2. Calculate using linear regression, or 

3. Calculdte using the concentration mode. 

~~1/r/;:r 
Michael J. linskens 
laboratory Manaqer 

\< . ~~ \\\,\);'<t 
Kim ~inner • • 
Analytical laboratory QA/QC Offic~r 

~-~ U- ;4tftjJ 
lawrence D. Andersen 
Vice President, Technical Services 
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MAGNESIUM 

Method: AA - Flame; Dir~ct Aspir~tion 

RPfPrence: EPA 1983, Method 242.1 

•Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Lfmit: 0.05 mg/L 

Optimum c"oncentration Range: o.os - 10.0 mg/l 

S~mple Handling: 

~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and 
organics may be analyzed directly. while wastewaters. 
leachates, solids, etc. must be digest~d prior to analysis 
(refer to appropriate digestion procedure). Analyze within 
6 oonths. 

~·~l 

·-

' . \ 

..J 

Instrument Conditions: 

1. The Ca-r~g combination hollow cathode lamp is used. Set lamp 
energy to 25. 

2. Wavelength: 285.2 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing. lean, blue 

7. Standards to use for curve set-up: 1:00, 2.00, 5.00, 10.0 mg/l. 

Reaqent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. 

2. Standards (Prepare fresh every month.): 

Con centra ti on Volume of Dilute 
of SV!ndard Magnesium St~ndard to 

1.0 ,g/L 1 mL of 100 mg/l Mg 100 ml 
2.0 mg/L 2 ml of 100 mg/L Mg 100 ml 
5.0 mg/L 5 ml of 100 mg/L Mg 100 ml 

10.0 TllQ/L 10 ml of 100 mg/L Mg 100 ml 

l~gC-1 
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3. lanthanum Chloride Solution: In a 500 mL volumetric flask, dissolve 
29 g laz03• in small portions, in 250 ml of concentrated HCl (CAUTION
Reaction is violent!), and dilute to mark with Milli-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Silicon and aluminium depress the signal for magnesium. lanthanum 
chloride is added as a matrix modifier to control these interferences. 

s. Sodium, POtassium and Calcium can interfere if above concentrations 
of 400 mg/l. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual 
but make the following changes: 

1. Turn the burner head counter clockwise as far as it 
will go (approximately a 45• angle). 

2. lanthanum chloride solution is added as a matrix modifier 
to the samples, standards, and blanks, in a ratio of 1 ml 
lanthanum chloride solutio~ to 10 ml sample or standard • 

3. If magnesium is to be analvzed in concentration mode, use 
the 5.0 and 10.0 standards and follo~ the procedure for 
analyzing in the concentration mode. 

Qua 1i ty Con tro 1: 

1. Establish a stanClard curve with the standards listed above plus 
a bhnk. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 5.0 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is sHll required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standard in the quality control book. The 
confidence limits are noted in the quality control book. 

MoC-2 



3. Duplicate and spf~e a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
tw.fce the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

Calculations: 

--, 
' ' '~ 
_) 

·----

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression. 

3. Calculate using concentration mode. 

[ALM-8-6] 
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MANGANESE 

j Method: AA - Flame; Direct Aspiration 
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Reference: EPA 1983, Method 243.1 

"Analytical Methods for Atomic Absorption Spectrophotometry". 
1982. Perkin-Elmer Corporation 

Detection Limit: 0.02 mg/l 

Optimum Concentration Range: 0.02 - 2.50 mg/l 

Sample Handling: 
~;~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly. while wastewaters. leachates. 
solids. etc. must be digested prior to analysis (refer to 
appropriate diqestion procedures). Analyze within 6 months. 

"t_,.,._ty 

Instrument Conditions: 

1. The Manganese hollow cathode lamp is used. Set lamp energy to 18. 

2. Wavelength: 279.5 nm 

3. Slit Width: 0. 2 Norma 1 

4. Fuel: Acetylene 

5. Oxidant: Air 
.---~'\ ·:.._; 6. Type of flame: Oxidizing, lean. blue 

7. Standards to use for curve set-up: 0.25. o.so •. 1.00. 2.50 mg/L. 

Reagent Preparation: Prepare fresh every 6 months unless otherwise n~~ed. 

1. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Mansanese Standard to 

0.25 mg/L 1/2 mL of 1.00 mg/L Mn 100 ml 
0.50 rng/L 1 ml of 50 mg/L Mn 100 mL 
1.00 mg/l 2 ml of 50 mg/L Mn 100 ml 
2.50 mg/l 5 ml Qf 50 mg/L Mn 100 ml 

MnC-1 



t4otes: 

1. 

z. 

3. 

Procedure: 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as the 
samples being analyzed •. 

The use of background correction is required. 

For the analysis procedure, refer to the Atomic AbsorJ')tfon 
Spectr~try, Flame - Direct Aspiration section of this manual. 

If manganese h to be run in the concentration mode, use the 
1.00, and 2.50 mg/l manganese s·tandards and follow the 
procedure for analyzing in the concentration mnde. 

~uality Control: 

1. EstabHsh a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary trouhleshooting must be performed 
before continuing {check wavelength, flame head alignment, lamp 
alignrrPnt, etc.). 

2. A quality control calibration standard of 0.50 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in a run is to be the calibration standard. 

-·~--~~ These standards must be within acceptable ranges or the samples run 
·-· after the last acceptable ch~ck standard are to be reanalyzed. 

Record the calibration standards in the quality control book. The 
~ confidence limits are noted in the quality cont~ol boo~. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still reauired. 
Duplicates are to be avPraged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate results are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce thP interferences. 

Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

MnC-2 
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3. Calculate using the concentrat;on mode. 

[ALM-8-5] MnC-3 



TOTAL MERCURY 
Liouid Samoles 

Scope and Appljcation: This method is applicable to drinking, surface, 
groundwater, domestic, and industrial wastewaters. 

Method: Manual Cold Vapor 

Reference: EPA 1983, Method 245.1 

Detection Limits: 0.0002 mg/l (in 100 ml sample) 

Optimum Range: 0.0002-0.010 mg/l 

Sample Handling: Preserve with concentrated HN03 to pH <2. Analyze within 28 U days of sampling. 

Reagents and Apparatus: 
,_ 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Mercury cold-vapor Analyzer System 
Water bath set 8 95*C 
BOO bottles; 300 ml 
Class A volumetric glassware 
Instra-Analyzed sulfuric acid 
Instra-analyzed nitric acid 
Potassium persulfate 
Potassium permanganate 
Sodium chloride 
Hydroxylamine hydrochloride solution 
Stannous chloride 
Various Class A volumetric pipettes 
Mercury lamp 
Mercury stock and standard solutions 
Drierite 
Activated charcoal 
Glass wool 
lygon tubing 

Reagent Preoaration: (Prepare fresh every 6 months, unless otherwise noted.) 

1. 

2. 

Sulfuric acid (0.5 Nl: Pipet 14.0 ml of cone. H2S03 to 500 ml D.I. 
water in a 1 liter volumetric flask, dilute to tne mark. PREPARE IN 
THE HOOD! 

Stannous chloride (10% w/vl: Add 100.0 g stannous chloride to 1 liter 
of 0.5 N sulfuric acid. 

[C-600-82] 
HG3C-1 
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3. 

4. 

5. 

6. 

7. 

NQlli: 

1. 

2. 

3. 

4. 

5. 

Potassium oermanganate (5% solution. w/v~: Dissolve 50.0 g .of 
potassium permanganate in 0.1. water, di ute to 1 liter. 

Potassium persulfate (5% solution. w/v~: Dissolve 50.0 g of potassium 
persulfate in 0.1. water, dilute to 1 iter. 

Intermediate mercury standard (10.0 mq/L): Transfer 1.0 ml stock 
mercury (1000 mg/l) solution, plus 1/2 ml nitric acid, into a 100 ml 
volumetr1c flask and dilute to the mark with 0.1. water. Prepare fresh 
Oil.Y! 

Working mercury standard (0.100 mafll: Transfer 1.0 ml of the 
10.0 mg/L intermediate standard, p us 1/2 ml nitric acid, into a 100 ml 
volumetric flask and dilute to the mark with 0.1. water. Prepare fresh 
llil.Y! 

The mercury standards are volatile and unstable. Standards must be 
prepared daily. 

Because of the toxic nature of mercury vapor, precaution must be taken 
to avoid inhalation. Vent the mercury vapor into an exhaust hood or 
pass the vapor through an absorbing media. 

A 10% solution of stannous sulfate may be substituted for stannous 
chloride. 

Hydroxylamine sulfate may be used rather than hydroxylamine 
hydrochloride .. 

Standard additions must be used for all EP extracts and delisting 
pet it ions. 

6. The calibration check standard :s a 0.005 mg/L standard. 

7. Interferences: 

a. Potassium permanganate is added to eliminate interferences from 
sulfide. Concentrations as high as 20 mg/L sulfide as sodium 
sulfide do not interfere. 

b. Copper has also been reported to interfere; however, copper 
concentrations as high as 10 mg/L have no effect on recovery of 
mercury from spiked samples. 

[C-600-82] 
HG3C-2 
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c. Seawaters, brines, and industrial effluents, high in chlorides, 
will require additional potassium permanganate. during the 
oxidation step, chlorides are converted to free chlorine which also 
absorbs at the same wavelength as mercury. Care must be ta~en to 
ensure that free chlorine is absent before the mercury is reduced 
and swept into the cell. this may be accomplished by using an 
excess of hydroxylamine chloride reagent. In addition, the dead 
air space in the BOO bottle must be purged before adding the 
stannous sulfate. 

d. Certain volatile organic materials that absorb at this wavelength 
may also cause an interference. A pr&liminary run without reagents 
should determine if this type of interference is present. 

Instrument Conditions: 

l. 

2. 

3. 

4. 

5. 

6. 

Mercury electrodeless discharge lamp with lamp energy set at 6. 

Wavelength: 253.6 nm. Background is required. 

Slit Width: 0.7. 

Mode: Peak height 

Time • 25 seconds 

Standards to use for curve set-up: 2.0, 5.0, 10.0 ug/l. 

Cold Vapor System Set-uo: 

Cell Alignment: 

1. Insert quart cell in burner chamber. (Replace the burner head in the 

2. 

3. 

4. 

5. 

6. 

7. 

burner chamber.) 

Align cell in light path (use 0.5 sect, adjust to the lowest abs. 
reading). 

Check drying tube and charcoal tube - replace if necessary (see 
attached page). 

Insert aerator into a BOD bottle filled with 100 mls D.I. water. 

Turn on pump. Turn on strip recorder. 

let warm-up a few minutes~ 

Zero machine. 

[C-600-82] 
HG3C-3 
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Procedure: 

All glassware is to be washed with soap and water, rinsed with tap 
water, acid rinsed with 10% HNOJ, and final rinsed with 0.1. water. 

A. Standard Preoaration 

1. The standard curve is to consist of the following standards: 

Standard 
Concentration 

0.00 ug/L 
2.00 ug/L 
5.00 ug/L 
10.0 ug/L 

2. Pipet 0, 2.0, 5.0, and 10.0 ml aliquots of 0.10 ug/ml working stock 
mercury solution to 300 ml BOD bottles. 

3. Add D.I. water to bring volume to 100 ml and continue with the 
.digestion procedure. 

B. Sample Preparation: 

c. 

1. Transfer 100 ml, or an aliquot diluted to 100 ml, to a 300 ml BOD 
bottle. 

To Spike: Pipette 5.0 ml of 0.10 mg/L standard into the sample bottle. 
Proceed as written. 

Digestion: 

l. 

2. 

3. 

4. 

Add 5 ml cone. sulfuric acid and 2.5 ml cone. nitric acid to each 
bottle. Mix by swirling. 

Add 15 ml potassium permanganate solution to each bottle, mix by 
swirling. Allow to stand for at least 15 minutes. If the bottle does 
not remain purple in color, additional potassium permanganate is · 
required. 

Add 8 ml of potassium persulfate solution to each bottle and heat for 2 
hours in a water bath maintained at 95 C. Check the bottles 
periodically throughout the 2 hours to insure the samples remain 
purple. Add potassium permanganate if needed. 

Cool to room temperature. 

[C-600-82] 
HG3C-4 
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D. Samole Analysis: 

1. Add 6 ml of sodium chloride-hydroxylamine hydrochloride solution to 
reduce excess permanganate. If necessary, additional amounts of sodium 
chloride hydroxylamine hydrochloride may be required to discharge the 
purple color. Swirl. 

2. 

3. 

4. 

5. 

6. 

7. 

Add 5 ml of stannous chloride solution and'immediately insert the 
aerator, making sure that the stopper provides a good seal. 

Press the read button. 

Record the absorbance value on the bench sheet. 

Remove the aerator, rinse aerator, and place it in the D.I. blank 
bottle. 

Allow strip recorder to return to baseline. 

Repeat for additional samples. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain.consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, tubing, lamp alignment, pump, etc.) 

2. A quality control calibration standard of 0.005 mg/l is to be analyzed 
initially, and after every 10 samples. This standard is to be carried 
through the digestion procedure. If less than 10 samples are analyzed, 
a calibration standard is still required. The last sample must be 
within acceptable ranges or the samples run after the last acceptable 

, calibration standard are.to be reanalyzed. Record the calibration 
._) standard in the quality control book. The confidence limits are noted 

in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still reguired. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
are to be within acceptable ranges or the use of matrix modifiers, 
dilution, or method of standard additions is to be applied to reduce 
the interferences. 

[C-600-82] 
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Calculation: 

1. Average the standard readings, subtract the absorbance of the. blank 
standard from all ~eadings. 

2. Calculate using linear regression. 

' Calculate the spike recovery as follows: 

1 S Recovery • ug Cspikel · ug Csamole) 
J 0.5 ug 

r 

I 

I 
J 

1 

Q 
•-::::;1 

[C-600-82) 
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NICKEL 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 249.1 

"~na lyti ca 1 r~ethods for Atomic Absorption Spectrophotometry". 
1982, Perkin-Elmer Corporation 

Detection limit: 0.04 mg/l 

Optimum Concentration Range: 0.04 - 5.00 mg/l 

Sample Handling: 
.---.. 
,ji;~ 

Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedure). Analvze within 6 months. 

Instrument Conditions: 

1. Nickel hollow cathode lamp with lamp energy set at 25. 

2. Wavelength: 232.0 nm 

3. Slit Width: 0.2 ~ormal 

4. Fuel: Acetylene 

5. Oxidant: Air 

.. , 6. Type of flame: Oxidizing, lean, blue 
~_) 

1. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/L. 
' 

Reagent Preparation: Prepare fresh every 6 months unless otherwise noted. 

1. Standard Nickel Solution (100 mg/L Nickel): Pipet 10 ml of the 
lOOO ppm stock nickel solution into a 100 ml volumetric flask, ~dd 
1/2 nt HN03, ~nd dilute to the mark with Milli-Q water. 

2. Standards (Prepared fresh every month.): 

Concentration Volume of Dilute 
of Standard Ni eke 1 Standard to 

0.50 mg/L 1/2 ml of 100 mg/L Ni 100 ml 
1.00 mg/L 1 ml of 100 mq/L Ni 100 ml 
2.00 mg/L 2 mL of 100 mg/l Ni 100 ml 
5.00 mg/L 5 ml of 100 mg/L Ni 100 ml 

· NiC-1 



Notes: 

J 
1. 

.J 
2 • 

3. 

1 4. 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

Standards are to be prepared in the same acid concentrations as 
the samples being analyzed. 

The use of background correction is required. 

A nearby wavelength is present. Take care in selection of this 
wave length·. 

l 
' Procedure: For the analysis procedure, refer to the Atomic Absorption 

Spectrometry, Flame - Direct Aspiration section of this manual. ~ 

l~ If nickel is to be run in the concentration mode, use the 2.00, 
5.00 mg/L nickel standards and follow the procedure for analyzin9 
in the concentration mode. 

J 

I 

I 

Quality Control: 

1. Es tab 1 ish a standard curve with the standards 1i s ted above p 1 us 
a blank. Record the ahsorbance check !\tandard·in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not. n~cessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
a Hgnment, etc.). 

2. A oual,ity control calibration standard of 0.50 mg/l 1s to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a ca libra tfon standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within acceptable ranges or the samples run after 
the hst acceptable check standard are to he reanalyzed. Record 
the calibration standards in the ouality control book. The c~1fidence 
limits are noted in the quality control boo~. 

3. Duplicate ~nd spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still reQuired. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate results are to be within 
acceptable rang~s or the use of dilution or rrethod of standard 
additions is to be applied to reduc~ the interferences. 

Calculations: 

1. 

2. 

Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

Calculate using linear regression, or 



. ~ 
~ 

3. Calculate using the concentration mode • 

[ALM-8-4] 
NiC-3 



POTASSIUM 

Method: Flame Emission; .Direct Aspiration 

RefPrence: "Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.10 mg/l 

Optimum Concentration Range: 0.10 - 5.00 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwatt>r free of particulate matter t~nd 
organics may be analyzed directly, while wastewaters, 
leachates, solids, etc. must be digested prior to analysis 
(refer to appropriate digestion procedures). Analyze 
within 6 months . 

.,_Instrument Conditions: 

1. SPt signal to emission. (No lamp is required.) 

2. Wavelength: 766.5 nm 

3. Slit Width: 0.2 Normal 

4. Fuel: Acetylene 

5 • 0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.50, 1.00, 2.00, 5.00 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. 

2. 

Standard Potassium Solution (100 ml/l Potassium): Pipet 10 mL of 
the Iooo ppm stock potassium solut on into a Ioo ml volumetric 
flask, Mid 1/2 IlL HNOJ, and dOute to the mark. with Milli-Q water. 

s ta nda rds (prepare fresh every month.): 

Concentration Volume of Di 1 ute 
of Standard Potassium Standard to 

0.50 mg/l o.s ml of 100 mg/l 100 ml 
1.00 mg/l 1 ml of 1QO mg/L 100 ml 
2.00 mg/l 2 ml of 100 mg/l 100 ml 
5.00 mg/l 5 mL of 100 mg/l 100 ml 

KC-1 
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Notes: 

1. SamplP.S must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

Procedure: For the analysis procedure. refer to the Atomic Absorption 
Spectrometry, Flame -Direct Aspiration section of this manual. 

:r~ 

If potassium is to be analyzed in concentration mode, use 
the 2.00 and 5.00 standards and follow the procedure for 
analyzing in the concentration mode. 

I 
;,;,r,·,) 

Qua 1i ty Contro 1: 

J 

1 

I. Establish a standard curve with the standards listed above plus 
· a blank. Record the check standard in the ahsorbance check book. 

The emission readings should remain consistent from run to run. 
If not, necessary troubleshooting must be performed before 
continuing (check wavelength, flame head alignment, etc.). 

2. A quality control calibration standard of 1.00 mg/l is to b~ 
analyzed, at a minimum, after every 10 s~mples. If less than 10 
sampl~s are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards rrust be within acceptable ranges or the 
samples run after the last acceptable check standard are to be 
reanalyzed. Record the calibration standards in the quality control 
book. The confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a dupl~c~te and spike are still reQuired. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ra tfo of sample to 
standard. Spike recoveries and duplicate to be within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

Calculations: 

1. 

2. 

Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

Calculate using linear regression, or 

KC-2 



3. Calculate using the concentration mode. 

-
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SELENIUM 

Method: AA- Furnace; Direct Injection 

Reference: EPA 1983, Method 270.2 

"Analytical Methods for Furnace Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

"Techniques in Graphite Furnace Atomic Absorption Spectrophotometry", 
1985, Perkin-Elmer Corporation 

Detection limit: 0.002 mg/l 

Optimum Concentration Range: 0.002 - 0.050 mg/l 

Instrument Conditions: 

1. Selenium electrodeless discharge lamp with lamp energy set at 6. 

2. Wavelength: 196.0 nm 

3. Slit Width: 0.7 Alternate 

4. Mode: Peak height 

5. HGA Furnace Programming: 

Step 1: 130 
Step 2: 850 
Step 3: 2200 

(dry temp) 10 (ramp time) 20 (hold time) 
(char temp) __ 1,0~- (ramp time) 20 (hold time) 
(atom temp) 0 (ramp time) --~3-- (hold time) 

* Also press the read, record and stop flow buttons 

Step 4: 2500 (max temp) __ 2 __ (ramp time) -~3-- (hold time) 

Press record button. 

6. Sample Volume: 20 ul 

7. Standards to use for curve set-up: 5.0, 10.0, 20.0, 50.0 ug/L. 

8. Platform is required. 

Sample Handling: Acidify with nitric acid to pH < 2. Analyze within 6 months. 

SeFul-lC 
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Reagent Preparation: 

1. Standard Selenium Solution (1000 ug/L Selenium): Pipet 1.00 ml 
of the 1000 ppm stock selenium solution into a 1000 ml volumetric 
flask, add 1/2 HN03, and dilute to the mark with Milli-Q water. 
Prepare fresh every month. 

2. Standards (Prepare fresh every week.}: 

Concentration Volume of Oil ute 
of Standard Selenium Standard to 

0 ug/L 0 ml of 1000 ug/L Se 100 ml 
5 ug/L 1/2 ml of 1000 ug/L Se 100 ml 

10.0 ug/L 1 ml of 1000 ug/L Se 100 ml 
20.0 ug/L 2 ml of 1000 ug/L Se 100 ml 
50.0 ug/l 5 ml of 1000 ug/l Se 100 ml 

3. Nickel Nitrate 5~ Solution: Dissolve 25.0 grms of Nickel nitrate 
to 100 mLs of 0.1. water 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards and samples are to be digested prior to analysis. 
(See AsSedig for aqueous samples and SoilOig for non-aqueous 
samples.) 

3. Chloride (> 300 mg/l) and sulfate {> 20J mg/l) interfere with 
this selenium procedure. Nickel nitrate is added as a matrix 
modifier to minimize these interferences. 

4. Background correction is required. 

5. Se_lenium may also be analyzed by the gaseous hydride technique. 

6. Platform technique is required. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For concentration mode, use the 20.0 and 50.0 standards and 
follow the procedure for analyzing using the concentration mode. 

Quality Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in th~ absorbance check 
book. The absorbances should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

SeFul-2C 
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2. A quality control calibration standard of 20.0 ug/L is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These standards 
must be within acceptable ranges or the samples run after the last 
acceptable calibration standard are to be reanalyzed. Record the 
calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less 
than 10 samples are analyzed, a duplicate and spike are still 
required. Duplicates are to be averaged. Spike samples with a 
standard of twice the concentration of the sample in a 1:1 ratio 
of sample to standards. Spike recoveries and duplicates are to be 
within acceptable ranges or the use of matrix modifier~. dilution, 
or method of standard additions is to be applied to reduc~ the 
interferences. 

4. An EPA reference standard will be analyzed with each analysis. 

Calculations: 

1. Plot concentrations vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[ALM-Ba-5] SeFu1-3C 
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SILVER 

MPthod: AA - Flame; Direct Asoiration 

Reference: EPA 1983, Method 272.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.01 mg/l 

Optimum Concentration Range: 0.01 - 2.00 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 

,;~ may be analyzed directly, while wastewaters, leachates, 
~~ solids, e~c. must be digested prior to analysis (refer to 

appropriate digestion procedure). Analyze within 6 months. 

~ Instrument Conditions: 

1. Silver hollow cathode lamp with lamp energy set at 12. 

2. Wavelength: 328.1 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve sPt-up: 0.50, 1.00, 2.00 mg/L. 

'- Reaqent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Silver Solution (100 mg/L Silver): Pipet 10 ml of the 
1000 ppm stock silver solution into a lOO ml volumetric flask, add 
1/2 TTi.. HNOJ, and dilute to the mark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standart1 Si 1 ver Standard to 

0.50 mg/l 0.5 ml of 100 mg/L Ag 100 ml 
1.00 mg/L 1 ml of 100 mg/L Ag 100 ml 
2.00 mg/L 2 ml of 100 mg/L Ag 100 ml 

AgFlC-1 
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Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. This flame procedure can be used for digested samples, EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that standard 
additions ar~ not required. 

5. Any ~roundwater samples which silver is detected, must be verified 
bv furnace. (Detection limit is at the WI PAL limit.) 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame -Direct Aspiration section of this manual. 

If silver is to be run in the concentation mode, use the 1.00 ~nd 
2.00 mg/l silver standards and follow the procedure for analyzing 
in the concentration mode. 

Qua 1i ty Contro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 0.50 mg/l is to be 
analyzed, at a mini· 'Ill, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration s.tandard. 
These standards must be within acceptable ranges or the samples run 
after the litst acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Ouplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates are to be within acceptable 
ranges or the use of dilution or method of stand~rd additions is 
to be applied to reduce the interferences. 

AgFlC-2 



Ca 1 cula ti ons: 

1. Plot concentration vs absorbance on graph. Determine unknowns 
using graoh or 

2. Calculate using linear regression or 

3. Calculate using the conc~ntration mode. 

' 

[ALM-8-11] 
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THALLIUM 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 279.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 0.50 mg/L 

Optimum Concentration Range: 0.50 - 10.0 mq/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters 
and filtered groundwater free of particulate matter 
and organics may be analyzed directly, while wastewaters, 
leachates. solids, etc. must be digPsted prior to analysis 
(refer to appropriate digestion procedures). Analyze 
within 6 months. 

Instrument Conditions: 

1. Thalliu~ electrodeless discharge lamp with lamp energy set at 9. 

2. Wavelength: 276.8 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Air 

I..:.:.) 6. Type of flame: Oxidizing. lean. blue 

7. Standards to use for curve set-up: 1.00. 2.00, 5.00. 10.0 mg/L. 

Reagent Preparation: Prepare fresh every v months unless otherwise noted. 

1. Standard Thallium Solution (10.0 mg/L Thallium): Pipet 1.0 mL of the 
1000 ppm stock thallium solution into a 100 ml volumetric flask. add 
1/2 ml HN03. and dilute to the nark with Milli-Q water. 

2. Standards (Prepare fresh every month.): 

Concentril ti on Volume of Dilute 
of Standard Thallium Standard to 

1.00 mg/L 1 mL of 100 mg/L Tl 100 ml 
2.00 mg/L 2ml of 100 mg/L Tl 100 ml 
5.00 mg/L 5 ml of 100 mg/L T1 100 ml 

10.00 mg/l lOml of 100 mg/L T1 100 ml 

TlFlC-l 



Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction fs required. 

4. This flame procedure can be used for digested samples. EP Toxicity 
samples or any other samples where low detection limits are not 
required. EP Toxicity samples must be spiked to verify that 
standard additions are not required. 

5. The use of halide acids is to be avoided. 

~rocedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry. Flame- Direct Aspiration section of this manual. 

If thallium is to be run in concentration mode. use the 5.00 and 
10.0 standards and follO\o~ the procedure for analyzing in 
concentration mode. 

Quality Control: 

1. 

2. 

Establish a standard curve with the standards listed above plus 
a bliink. Record the absorbance chP.ck standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, nece!'si'lry troubleshooting rrust be performed 
before continuing (check wavelength, flame head alignment, lamp 
align~nt, etc.). 

A ouality control calibration standard of 5.00 Mg/L is to be 
analyzel1, at a minimum, after every 10 samplF!s. If less than 10 
samples.are analyzed. a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standarc:1 are to be reanalyzed. 
RPcord the calibration standards in the ouality control book. The 
confidence limits are noted in the quality control book. 

3. · Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate ann spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate are to he within acceptable 
ranges or the use of dilution or method of standard additions is 
to be applied to reduce the interferences. 

TlFlC-2 



Ca leu lations: 

-... , 
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1. Plot concentration vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 

3. Calcul~te using concentration mode. 

[ALM-8-13] 
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THALLIUM 

Method: AA - Furnace; Direct Injection 

Reference: EPA 1983, Method 279.2 

"Analytical Methods for Furnace Atomic Absorption 
Spectrophotometry", 1982, Perkin-Elmer Corporation. 

"Techniques in Graphite Furnace Atomic Absorption 
Spectrophotometry", 1985, Perkin-Elmer Corporation. 

,r--- • 
~~ Detect1on limit: 0.005 mg/l 

Optimum Concentration Range: 0.005 - 0.050 mg/L 

Instrument Conditions: 

1. Thallium electrodeless discharge lamp with lamp energy set at 9. 

2. Wavelength: 276.8 nm 

3. Slit Width: 0.7 Alternate 

4. HGA Furnace Programming: 

Step 1: 
Step 2: 
Step 3: 

130 (dry temp) 10 (ramp time) 20 (hold time) 
500 _ (char temp) 10 (ramp time) 20 (hold time) 
140C (atom temp) _0_ (ramp time) _3_ (hold time) 

* Also press the read, record and stop flow buttons; 
t = 3 sec. 

Step 4: 2500 (max temp) _0_ (ramp time) _3_ (hold time) 

Press the record button. 

5. Sample Volume: 20 ul 

6. Standards to use for curve set-up: 10.0, 20.0, 50.0 ug/l. 

7. Platform is required. 

Sample Handling: Acidify with nitric acid to pH <2. Analyze within 6 months. 

[C-600-97a] 
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Reagent Preparation: 

1. Standard Thallium Solution (1000 ug/l Thallium): Pipet 1.00 ml of the 
1000 ppm stock thallium solution into a 1000 ml volumetric flask, add 
1/2 ml HN03 and dilute to the mark with D.I. water. Prepare fresh 
every month. 

2. 

Notes: 

1. 

Standards (Prepare fresh every week.): 

Concentration Volume of Dilute 
of Standard Thallium Standard to 

10.0 ug/l 1 ml of 1000 ug/l Tl 100 ml 
20.0 ug/l 2 ml of 1000 ug/l Tl 100 ml 
50.0 ug/l 5 ml of 1000 ug/l Tl 100 ml 

Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Be careful when reporting the units. 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Furnace- Direct Injection section of this manual. 

For the use of the concentration mode, use the 20.0 and 50.0 
standards and follow the procedure for analyzing in the 
concentration mode. 

-~ ~' Qua 1 i ty Contro 1 : 
·_; 

I. 

2. 

Establish a standard curve with the standards listed above plus a 
blank. Record the absorbance check standard in the absorbance check 
book. The absorbances should remain consistent from run to ... .,. If 
not, necessary troubleshooting must be performed before continuing 
(check wavelength, furnace alignment, lamp alignment, graphite tube, 
etc.). 

A quality control calibration standard of 20.0 ug/l is to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard is still required. The last sample 
analyzed in the run is to be the calibration standard. These 

[C-600-97a] 
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3. 

4. 

standards must be within acceptable ranges or the samples run after 
the last acceptable calibration standard are to be reanalyzed. Record 
the calibration standard in the quality control book. The confidence 
limits are noted in the quality control book. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of twice 
the concentration of the sample in a 1:1 ration of sample to 
standards. Spike recoveries and duplicates are to be within an 
acceptable range or the use of matrix modifiers, dilution, or method 
of standard additions is to be applied to reduce the interferences. 

An EPA reference standard will be analyzed with each analysis. 

Calculations: 

I. Plot concentrati~ns vs. absorbance (or peak height) on graph. 
Determine unknowns using graph, or 

2. Calculate using linear regression, or 

3. Calculate using concentration mode. 

[C-600-97a] 
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VANADIUM 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 286.1 

"Analytical f-1ethods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection Limit: 1.00 mg/L 

Optimum Concentration Range: 1.00 - 50.0 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater frP.e of particulate matter and 
organics may be analyzed directly, while wastewaters, 
leachates, ~olids, etc. must be digested prior to 
analysis (refer to appropriate digestion procedures). 
Analyzed within 6 months. 

Instrument Conditions: 

1. Vanadium hollow cathode lamp. 

2. Wavelength: 318.4 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Acetylene 

5. Oxidant: Nitrous oxide 

:··\ 6. Type of flame: Re<1 
_J 

7. Standards to use for curve set-up: 5.00, 10.0, 20.0, 50.0 mg/L. 

Reagent Preparation: Prepar~ fresh every 6 months unless otherwise noted. 

1. Standards {Prepare fresh every month.}: 

Con centra ti on Volume of Dilute 
of Standard Vanadium Standard to 

5.00 mg/l 0.5 of 1000 mg/l V 100 ml 
10.0 mg/l 1 of 1000 mg/L V 100 ml 
20.0 rng/l 2 of 1000 mg/L V 100 ml 
50.0 mg/l 5 of 1000 mg/L V 100 ml 

VFlC-1 



2. Aluminum nitrate solution: In a 200 mL volumetric flask, dissolve 
l39o AHN03)3 in 150 mL of Milli-Q water. HPat to dissolve into 
solution. Allow to cool. Dilute to 200 ml with f~illi-Q water. 

Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. High concentrations of aluminum and titanium increase the sensitivity 
of vanadium. This interference can be controlled by adding excess 
aluminum to both samples and standards (2 mL of aluminum nitrate 
solution to 100 ml samples and standards). 

Procedure: For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

Add 0.2 mL of AlN03 to 10 "'L of samples, blanks and standards. 

If vanadium is to be run in the concentration mode, use the 20.0 
and 50.0 standards and follow the procedure for analyzing in the 
concentration mode. 

Qua 1 i ty Control: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
align~nt, etc.). 

2. A quality control calibration standard of 20.0 mg/L is to be analyzed, 
at a minimu~t~, after every 10 samplPs. If less than 10 samples are 
analyzed, a calibration standard is still required. The last 
sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the hst acceptablP chP.Ck standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control boo~. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samplPs are analyze~. a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicate to be within an acceptable 
ranges or the use of dilution or rrethod of standard additions is 
to be applied to reduce the interferences. 
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Calculations: 

1. Plot concentration vs absorbance on graph. Determine unknowns using 
graoh, or 

2. Calculate using linear regression, or 

3. Calculate using the concentration mode. 
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ZINC 

Method: AA - Flame; Direct Aspiration 

Reference: EPA 1983, Method 289.1 

"Analytical Methods for Atomic Absorption Spectrophotometry", 
1982, Perkin-Elmer Corporation 

Detection limit: 0.01 mg/l 

Optimum Concentration Range: 0.01 - 1.00 mg/l 

Sample Handling: Acidify with nitric acid to pH < 2. Drinking waters and 
filtered groundwater free of particulate matter and organics 
may be analyzed directly, while wastewaters, leachates, 
solids, etc. must be digested prior to analysis (refer to 
appropriate digestion procedures). Analyze within 6 months. 

'- Instrument Conditions: 

'-• 

1. The Zinc hollow cathode lamp with lamp energy set at 27. 

2. Wavelength: 213.9 nm 

3. Slit Width: 0.7 Normal 

4. Fuel: Ar.:etylene 

5 • 0 xi da n t: A i r 

6. Type of flame: Oxidizing, lean, blue 

7. Standards to use for curve set-up: 0.10, 0.20, 0.40, 1.00 mg/l. 

Reagent Preparation: (Prepare fresh every 6 months unless otherwise noted.) 

1. Standard Zinc Solution (20.0 mg/L Zinc): Pipet 2 mls of the 1000 ppm 
stock zinc solution into a 100 ml volumetric flask, add 1/2 ml HN03. 
and dilute to the mark with t11111-Q water. 

2. Standards (Prepare fresh every month.): 

Concentration Volume of Dilute 
of Standard Zinc Standard to 

0.10 mg/l 0.5 ml of 20.0 rng/l Zn 100 ml 
0.20 mg/l 1 mL of 20.0 mg/l Zn 100 ml 
0.40 mg/L 2 rnl of 20.0 mg/L Zn 100 ml 
1.00 mg/L 5 ml of 20.0 mg/l Zn 100 ml 

ZnC-1 



Notes: 

1. Samples must be diluted to obtain concentrations within the optimum 
concentration range. 

2. Standards are to be prepared in the same acid concentrations as the 
samples being analyzed. 

3. The use of background correction is required. 

4. Zinc's may be run at a 30• angle for high level samples. High 
standards are made accordingly. 

,~ocedure: 
~· •:..:'t' 

For the analysis procedure, refer to the Atomic Absorption 
Spectrometry, Flame - Direct Aspiration section of this manual. 

If zinc is to be run in the concentration mode, use the 0.40 and 
1.00 mg/L zinc standards and follow the procedure for analyzing 
in the concentration mode. 

Quality Control: 

1. Establish a stanaard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistent from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength, flame head alignment, lamp 
alignment, etc.). 

2. A quality control calibration standard of 0.20 mg/L is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable ch~ck standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to 'be averaged. Spike samples with a standard of 
twice the concentration of the sample in a 1:1 ratio of sample to 
standard. Spike recoveries and duplicates results are to be within 
acceptable ranges or the use of dilution or method of standard 
additions is to be applied to reduce the interferences. 

Calculations: 

1. Plot cono~ntra tion vs absorbance on graph. Determine unknowns using 
graph, or 

2. Calculate using linear regression, or 
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3. Calculate using the concentration mode. 
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Scope and Application: 

TOTAL VOLATILE SOLIDS 

This method determines the weight of solid material 
combustible at sso•c, and is applicable to sewage, 
sludge, industrial wastes, soils and sediments. 

Method: Gravimetric, ignition at sso•c 

Reference: EPA 1983, Method 160.4 
Standard Methods, 16th Edition, 1985, Method 209F. (Pages 99-100) 

\ Sample Handling: RefrigeratP. at 4•c and analyze within 7 days of collection. 
j 

ReagP.nts and Apparatus: 

1~ 

J 

·......_-.,; 

1. 
2. 
3. 
4. 

Notes: 

Porcelain evaporating dish~s 
Muffle furnace, set at sso•c 
Dess i ca tor 
Analytical balance 

1. This is not an accurate me~sure of organic carbon. 

2. The most common error is failure to obtain a representative 
sample. Make sure the sample is thoroughly mixed or composited 
prior to analysis. 

3. 

4. 

5. 

6. 

Proceaure: 

The muffle furnace is slow to heat to sso•c. Turn muffle furnace 
on early in the day. 

When opening and closing the muffle, re~~mber to stay to the side 
of the comp.:~ rtl!lPnt. 

Use tongs when placing dishes in/out of the muffle furnace. ThP 
tempera.ture is very high! 

Take weighings quickly - wet samples tend to lose weight by 
evaporation. Dried samplPs can be hygroscopic and rapidly 
absorb atmospheric moisture. 

Preparation of Evaporation Dish 

1. All glassware is to be soap and water w.:~shed, tap rinsed, ~nd 
deionized water rinsed prior to analysis. 

TVS2-1 



2. Ash a clean evaporating dish at 550 ~so•c for one hour in muffle 
furnace. 

3. Cool in dessicator for at least one hour and weigh. Dishes may 
be prepared aM stored in desiccAtor until ready for use. 

Sample Analysis 

4. Fluid samples - Stir to mix. 

5. 

Place 25 to 50g of sample in the prepared ev~porating dish and 
weigh. 

Evaporate to dryness on a water bath. 

- Dry at 103 - 105•c overnight. 

Place in desiccator and cool to room temoerature. 

Weigh. 

Solid Samples If sample contains pieces of solid material, 
pulvE-rize the sample c~rsely. 

Place 25 to 50g of sample into prepared evaporating dish and 
weigh. 

Place in oven at 103 - 1os•c overnight. 

Place in desiccator and cool to room temperature. 

Weigh. 

After the total solids have been determined. ignite the residue 
left in the ·•vaporating dish at sso·c in the muffle furnace. 

Note: If residue for step 4 contains large amounts of 
organic matter, first ignite the residue over a gas 
burner in an exhaust hood; then proceed with step 5. 

6. Let dish cool partially by the air. Then, cool in a dessicator 
for at least one hour and weigh. Repeat the ashing cycle (igniting, 
cooling, dessicating, and weighing) until a weight loss of <0.4% 
i s o b ta i ne d . 

Quality Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed. 
a duplicate is still required. Duplicates should be within acceptable 
ranges. The duplicate results are to be averaged. 
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2. A blank ~ish is carried throughout the entire procedure, as a 
check on contamination (glassware, oven, muffle furnace, etc.) 

Calculations: 

TVS, mg/kg = wt. dried residue ( } - wt. residue 
wt. dried residue 

X 1000000 

TVS, S = wt. dried residue ( ) - wt. residue 
wt. dried residue 

(g) X 100 

Revision Date 

7-23-86 

5-21-87 

Services 
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ACID DIGESTIONS FOR SEDIMENTS, SLUDGES AND SOILS -

Scope and Application: 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryll i urn 
Cadmium 
Calcium 

This method is an acid digestion procedure used 
to prepare sediments, sludges, and soil samples 
for analysis by flame or furnace atomic absorption 
spectropscopy (AAS) or by inductively coupled argon 
plasma spectroscopy (ICP). Samples prepared by 
this method may be analyzed by AAS or ICP for the 
following metals: 

Ch.romium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 

Nickel 
Pota ss i urn 
Si 1 ver 
Selenium 
Thallium 
Vanadium 
Zinc 

r~ethod: Nitric acid, hydrogen peroxide and hydrochloric acid digestion 
for flame work and antimony by furnace; nitric acid/hydrogen 
peroxide digestion for furnac~ work. 

Reference: EPA SW-846, "Test Hethods for Evaluating Solid Waste", July, 
1982. Methods 3020 and 3050. 

Contract La bora tory Program - "Statement of Work". July, 
1985. 

Sample Handling: Set up digestion as soon as possible; digested sample must 
be analyzed within 6 months. 

··")RE>agents and Apparatus: 
.._v 

1. Hot plate 
2. Mortar and Pestle 
3. 250 ml be~kers 
4. Class A:volumetric glassware 
5. Mi lli-Q water 
6. 30% hydrogen peroxide 
7. Instra-analyzed nitric acid 
8. Instra-analyzed HCL acid 
9. Stock and standard metal solutions 

10. Wha tma n #42 filter paper 
11. Glass or plastic funnels 
12. Watch glasses 

Reagent Preparation: 

1. IntermPdiate and Workinq Metal Solutions: Refer to the specific 
metal SOP for instructions on preparation. 
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2. 1:1 Nitric Acid: Using a 250 ml volumetric cylinder, aad 250 mL 
Milli-Q water. Cautiously add 250 ni. concentrated nitric acid. f'lix. 

3. 1:1 HCL: Using a 250 ml volumetric cylinder, add 250 ml Milli-Q 
water. c~utiously add, 250 ml concentrated hydrochloric acid. 
Mix. 

Notes: 

1. Arsenic and selenium by the AA-furnace techniques follow this 
digestion procedure and nickel nitrate is added prior to analysis. 

2. Mercury by the AA-Cold Vapor technique has a separate digestion 
procedure. 

3. All blanks, duplicates and spikes must be carried through the 
digestion procedure along with a digestion check standard. 

4. If elevated levels are expected, increase the spne concentration 
accordingly. 

Procedure: 

A. Digestion for Flame Work and Furnace Analysis of Antimony: 

1. All glassware used must be acid rinsed with 1:1 nitric prior 
to use. 

2. Pulverize and thoroughly mix the sample. 

3. Weigh out approximately 1.000 g - 1.500 g of the sample into 
a 250 ml beaker on analytical balance. Record the weight 
of the sample used on the digestion sheet. 

4. Add 10 ml of 1:1 HN03. Mix and cover with a watchglass. 
Place samples on the hot plate and heat at medium heat (95• C). 
Reflux for 10 minutes. 

• 
5. Take sample off hot plate and allow to cool. Add 5 mL 

concentrated HN0 3• RPturn to hot plate and reflux for 30 
minutes. 

6. Cool. Add 2 ml Milli-Q water and 3 ml 30% H2o2• 

7. Heat until effervesence subsides. Cool. 

8. Continue the addition of 30% H202 in 1 ml aliquots with 
warming until the effervesence is minimal or appearance 
of sample is unchanged. DO NOT add more than a total of 
10 ml 30% H202. 
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9. Cool. A<1d 5 mL 1:1 HCL and 10 mL ~1illi-Q water. 

10. Cover and heat for 10 minutes. 

11. Cool. Quan~itatively transfer to 100 ml volumetric flasks 
while filtering through a Whatman 142 filter to remove 
sediment. ~inse beaker and filter paper 3 times and dilute 
to 100 ml with Milli-Q water. The final acid concentration 
is approximately 2.5~ HCL and 5.0~ HN03. Dilute the digestate 
1:1 with deionized water. (200 ml final volume.) 

B. Digestion for Furnace ~lork, except for Antimony: 

1. Follow the digestion procedure above for flame work through 
Step 8. 

2. Continue to heat until the volume is reduced to approximately 
2 ml. (Watch closely; bumping and spattering may occur.) 

3. Cool. Add 10 mL Milli-Q water and warm on hot plate. 

4. Cool. Quantitatively transfer to 100 mL volumetric flasks 
while filtering through a Whatman #42 filter to remove 
sediment. Rinse the beakers and filter paper 3 times and 
dilute to 100 ml with Milli-Q water. The final acid 
concentration is approximately 2.0% HN03. Dilute the 
digestate 1:1 with deionized water (200 mL final volume). 

Quality Control: 

1. Refer to each specific metal SOP for quality control requirements. 

2. If a digested spike is diluted out of the working concentration 
(too low to detect) run a manual spike. The data is acceptable if 
the rranual spike is within acceptable ranges. If the manual spike 
is outside the QC ranges, the sample and spike must be re-digested. 

Revision Date 

M~i~ '1/;ulo ~/o¢-; 

laboratory Manager 

~ -~~ 
f ,;"[' F inner 
A~ratory·QA/QC Officer 

/).~ 
L~wrence D. Andersen 
Vice President, Technical Services 
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ACID DIGESTION FOR WASTEWATER, GROUNDWATER AND EP TOXICITY SAMPLES -

Scope and Application: This acid digestion is applicable to all aqueous 
sample matrices. A nitric/hydrochloric acid digestion 
is used for all metals which are to he analyzed by 
the AA-flame technique and for the furnace analysis 
of antimony. Metals which are to be analyzed by the 
AA-furnace technique will follow the nitric acid/ 
hydrogen peroxf de di ges ti on. 

Method: Nitric and nitric/hydrochloric acid digestions. 

Reference: EPA SW-846, •rest Methods for Evaluating Solid Wastes•, July, 
1982. Methods 3010 and 3020. 

Contract Laboratory Program, •statement of Work". July, 1985. 

Sample Handling: Aqueous samples nust be acidified with concentrated nitric 
acid to pH < 2. Set up digestion as soon as possible; 
digested sample nust be analyzed within 6 months. 

Rea gents and Apparatus: 

1. Hot Plate 
2. 250 ml beakers 
3. 100 mi.. graduated cylinders 
4. Class A volumetric glassware 
5. Milli-Q water 
6. Instra-analyzed nitric acid 
7. Instra-analyzed HCL acid 
8. Stock and standard metal solutions 
9. Whatman #42 filter paper 

10. Glass funnels 
11. Watch glasses 
12. 30% hydrogen peroxide 

Reagent Preparation: 

1. Intermediate and Working Metal Solutions: Refer to the specific 
metal SOP for instructions on preparation. 

Notes: 

1. All blanks, duplicates, and spikes, as well as a digested check 
standard must be carried through this digestion procedure. 
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Procedure: 

A. Digestion For AA-Flame and Antimony by Furnace: 

1. All glassware must be ~cid-washed with l:l nitric acid and thoroughly 
rinsed with Milli-Q water prior to use. 

2. Measure out 100 ml aliquots of samples. bl~nks. and standards into 
250 ml beakers using a graduated cylinder. 

3. Add 2 nt. of 1:1 HN03 and 10 nt. of 1:1 HCL. 

4. Cover with a watch glass and heat on the hot plate until the volume 
has been reduced to between 25 and 50 ml. Make certain that the 
sample does not boi 1. 

5. Quantitatively transfer digested samples, blanks, and standards into 
100 mL volumetric flasks. Filter samples through Whatman #42 filters. 
rinse beakers and filters with Milli-Q water and dilute to 100 ml. 
Alternatively, samples can be transfered to 100 mL volumetric flasks, 
without filtering. Dilute to volume and let any insoluble material 
settle overnight. 

6. Samples are now ready for analysis using the AA-flame procedure. 

B. Digestion For AA-Furnace (except Antimony): 

1. 

2. 

3. 

4. 

All glassware must be acid-washed with 1:1 nitric acid and thoroughly 
rinsed with Milli-Q water prior to use. 

Measure 100 ml aliquots of samples, blanks, and standards into 
250 nt.. beakers using a graduated cylinder. 

Add 1.0 mL of 1:1 HN03 and 2 mL of 30% H202. 

Cover with a watch glass and heat on the hot plate at 95•c for 2 
hours or until the volume is reduced to between 25 and 50 rrl. 
Make certain that the samo le does not boi 1. 

5. Quantitatively transfer digested samples, blanks, and standards 
into 100 ml volumetric flasks. Filter samples through Whatman #42 
filters, rinse beakers and filters with Milli-Q water and dilute 
to 100 ml. Alternatively, samples can be transfered to 100 nt. 
volumetric flask without filtering. Dilute to volume and let 
any insoluble material settle overnight. 

6. Samples are now ready for analysis using the AA furnace procedures. 
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Quality Control 

1. Refer to each specific metal SOP for quality control requirements. 

2. If a digested spike is diluted out of the working concentration 
range (too low to detect) run a manual spike. The data is 
acceptable if the manual spike is within acceptable ranges. If 
the manual spike is outside the QC ranges, the sample and spike 
must be re-digested at a dilution . 

~~11~1!-; 
Michael J. Linskens 
L~boratory Manager 

K~ ~"~~ 
K i m D • F i nne r 
An lytical l~boratory QA/QC Officer 

J.~ 
Vice 

[ALM-10-19] AquDigC-3 
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AUTOANALYZER 

Scope and Application: Ions can be readily analyzed by a flow-injection 
autoanalyzer. The flow injection design gives 
the system excellent washout characteristics, to 
prevent carry over and cross contamination. The 
autoanalzyer is generally more sensitive and 
accurate than the manual wet-chemistry techniques. 

Method: Flow injection 

References: Lachat Instruments, 1986. 

t~ Sample Handling: See sepa"'ate SOP's for requirements. 

Reagents and Appartus: 

1. lachat 3-channel autoanalyzer 
2. Stock and standard ion solutions 
3. Class A volumetric flasks 
4. Class A volumetric pipets 
5. Milli-Q water 
6. Required interference filters 
7. Disposable 4 mL cups 
B. Automatic sampler 
9. Proportioning pump 

10. Injection module 
11 •. Colorimeters 
12. Manifolds 
13. Columns - if needed 
14. Helium gas 
15. Computer 
16. Printer 

Procedure: 

A. Instrument Set-up 

1. Depress red power switch on power strip located behind the 
computer terminal. This will turn on the computer, the 
screen, and the printer. 

2. Depress red power switch on rear power strip on Lachat system. 
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4. Select manifold and make appropriate hydraulic connections. 

Hydraulic connections: 

a. Use correct sample loop length to connect. 
Lines 1, 4. 

b. Lfne 2 fs carrier line. 

c. Lfne 3 goes to manifold. 

d. Line 5 goes to waste container. 

e. Line 6 comes from sample probe • 

f. Connect manifold to flow through cell • 

Tension levers should be up when pump tubing is inserted. 
Snap pump tubing cartridges into place. 

5. Insert correct filter. 

6. Pump Milli-Q water through lines for 5 minutes by depressing 
the pump ON button. Check for leaks. 

7. Computer - At the C> type in "quikca1c11
• This calls up the 

Cacha t software and puts you at the master m!nu. Press <enter>. 

8. Put lines into reagents and/or degassed Milli-Q water. 

9. Computer - Select "Load/Stop Background Method" on the master 
menu. Press <enter>. 

10. Select appropriate method. Press <enter>. 

11. Printer should ~~ set at FONT 0. 

12. Pump reagents until a steady baseline is achieved. 

13. When using a method with a column (S04 or N03), the column 
may be inserted at this point. See method SOP's for more 
details. 

14. For each analytical channel, adjust zero knob so that the 
baseline is near the bottom of the screen (between .000 -
• 030). 
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15. Adjust gain while injecting top standard. 

a. Place autosampler probe into the highest standard bottle. 

b. After 20-30 seconds. press cycle button on front panel 
so that LED light is red. This is the load position. 

c. After 25 seconds (or less depending on sample loop size). 
press cycle button so that LED light fs green. This fs 
the inject position. 

d. Adjust gain knob on detector so that peak reading on 
the colorimeter is 1.700-1.950. 

e. Repeat until gain is properly adjusted. 

f. Wipe probe and replace the autosampler probe into the 
sampler. 

16. Select menu item by going into foreground. (Press and hold 
Alt key. then press Esc key). 

17. 

a. Select "Sample Tray Information and Start Analysis" on 
master menu. Press <Enter>. 

b. Press <Enter> or type in sample tray reference number if 
it is a tray which has a 1 ready been typed in. 

c. Enter tray ID and operator. Check "Display Standards 
Position in Tray" to insure the tray is set-up properly. 

d. Select ''Enter Sample ID's". Press <enter>. 

e. Type in sample information. Check standards will 
au toma ti ca lly be placed in the tray i nforma tf on 
portion. 

f. Press Esc once to return to menu. 

Put tray with samples in appropriate cup locations on 
autosampler. Position tray to the cup containing standard 
A (usually #35 or so). Select "Start Analysis." Press 
<enter>. 

18. The second screen will ask if the tray has standards or not. 
If you standardized the first tray of the run and all the check 
standards are within QC ranges. recalibration for the next tray 
is not necessary. Select appropriate option. Press <enter>. 
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19. Press Alt, Esc ~eys together, to get back to background to 
view the calibration peaks. 

After ca 1 i bra tf on is complete: 

- go into the foreground (Press Alt, Esc keys) 

- select "display calibration graph" (Press <enter>) 

- review the data 

- return ·to the background (Press Alt, Esc keys) 

- press "G" for good calibration. Analysis will continue. 

~ - press "R" for re-cal1bration. Remember to refill standard 
~~ cups and reposition sample tray before pressing "R"! 

, ........... ~ 
u 

B. Instrument Shut-Down 

1. Press Alt/Esc ~eys to get to the foreground. Select "Load/Stop 
Background Method". Press <enter>. To questfon-"Stop background 
(Y/N)?" Press "Yes'._ Press Esc key to main menu. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

If column is used, stop the. pump and disconnect from manifold. 

Pull lines from reagents into a wash beaker of 0.1 •• 

Pump D.I. through lines for 2-5 minutes. 

Pump air through lines until manifold is dry. 

Turn off pump. 

Release tubing cartridges and lower tension levers. 
Release tubing. 

Turn off main switch on rear power strip. 

Empty and rinse waste containers, if necessary. 

10. Perform back-up on current data files, once a week. 
(see section C ) 

11. Turn off the computer and printer. 
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C. Backing-up the Data. Filt~s 

1. Exit to DOS 

2~ At C> Type: cd\ffalab\data. Press <enter> 

3. At C> Type: copy *.rpt a:. Press <enter> 
After everything is copied - remove disc. 

4. At C> Type: del *.*. Press <enter> 

5. Are you sure (Y/N)? Type: Y. Press <enter> 

6. At C> Type: cd\ Press <enter> 

7. Turn off the red switch on the computer power strip to 
turn off the computer, printer and screen. 

~~~~l~stl/ 
Michael J. Linskens 
Laboratory Manager 

Kim D. inner 
Analytical Laboratory QA/QC Officer 

~/).~ 
lawrence:Ai'lde r son 
Vice President, Technical Services 

[KA\~-3-10] LAA-5 

Revision Date 

8-18-87 



r--'>. 

w 

. ~-: ... 

ALKALINITY - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater and wastewater. 

Reference: EPA 1983, Method 310.2 
lachat Instruments 1986, Method 10-303-31-1-C . 

Sample Handling: Refrigerate at 4•c and analyze within 14 days of collection. 

Detection lfmft: 5.0 mg/l as CaC03 

Optimum Concentration Range: 5.0 - 500 mg/l 

Instrument Conditions: 

1. · Pump speed: 35 
2. Cycle period: 60 seconds 
3. Load period: 30 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 10 seconds 
6. Inject to end of peak period: 56 seconds 
1. Gain: 150 x 10 
8. Zero: 180 
9. Interference filter: 410 nm 

10. Sample loop: 90 em 
11. Standards for curve set-up: 0, 20.0, 50.0, 100, 250, 500 mg/l. 

Reagent Preparation: {Prepare fresh every 6 mon.:hs, •Jnless otherwise stated.) 

-._) , 1. Degassed Millf-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cubitainer. 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water (15 min/20 l.) Store in cubitainer. 

2. Stock alkalinity standard (1000 mg/L as Na2C03): In a 1 liter 
volumetric flask, dissolve 1.060 g of anhadrous primary standard 
grade sodium carbonate (Na2C03-dried at 1 o•c for 4 hours) in 
approximately 900 ml of helium purged Milli-Q water, and dilute 
to mark. 

ALKAA-1 
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3. Standards: (Prepare fresh every 2 months.) 

Concentration letter Volume of Dilute 
of Standard Identifier Alk. Standard to 

0 mg/L A 0 200 ml 
20.0 mg/l 8 4.0 200 rrt. 
50.0 mg/L c 10.0 200 mi.. 

100 mg/L 0 50.0 500 rrt. 
250 mg/L E 125.0 500 mL 
500 mg/l F 100.0 200 mi.. 

NOTE: Final volumes are not the same! 
Computer refers to standards by letter. 

4. Sodium hydroxide (0.1M): In a 1 liter flask, dissolve 4.0 g sodium 
/lydroxide (NaOH} and dilute to the mark with Milli-Q water. 

5. Hydrochloric acfd (O.lM): In a 1 liter flask, dilute 8.3 nt. of 
concentrated HCL in Milli-Q water and dilute to the mark. 

6. KHP buffer (25.0 mM, pH 3.1): In a 1 liter flask, dissolve 5.10 g 
of potassium add phthalate (KHP) (KHC3H404} in approximately 500 ml 
of helium purged Milli-Q water. Add 87.6 mL of O.lM·HCL and dilute 
to the mark. Adjust the pH of the buffer to 3.1 with O.lM HCl or 
0.1M NaOH. STORE IN GLASS AND PREPARE MONTHLY! 

7. Meth~l orange reagent: In a 1 liter volumetric flask, dissolve 
0.12 g of methyl orange indicator in about 700 mt. of helium-purged 
~Hll1-Q water and dilute to the mark. Store in glass! 

·"~) Notes: 

1. Samples must be diluted to obtain concentrations within the 
optimum working range. 

2. The gain and zero settings are guidelines and must be adjusted 
each day to optimize. 

3. The alkalinity standards can be combined with chloride and 
sulfate standards for use with the 3 channel method. 

4. Turbidity will interfere. Samples must be filtered prior to 
analysis. {Use Whatnian 11 or 14.) 

5. Color will interfere, dilute the sample and also spike this 
sample to confirm the quality of the result. 

System Operation: 

A. Refer to "Auto Analyzer Operation start-up procedure." 
{lOP# LAA-section A) 

ALKAA-2 
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B. Analyze a blank and an EPA check standard at the beginning of 
each run. 

C. Use 125 mg/L for the spike level. 

D. The calibration check standard fs 100 mg/L (D). 

E. Refer to •Auto Analyzer shut-down procedure•. (lOP# LAA-section 8} 

Qua H ty Control: 

l. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagents, pump tubing, valves, etc.). 

2. A quality control caHbration standard of 100 mg/l fs to be analyzed, 
at a minimum, after every 10 samples. If less than 10 samples are 
analyzed, a calibration standard fs still required. The last sample 
analyzed in the run is to be the calibration standard. These 
standards must be within the acceptable ranges or the samples run 
after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
acc~ptable limits are noted in the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard in a 
1:1 ratio of sample to standard. Spike recoveries and duplicates 

("\ are to be within acceptable ranges or troubleshooting RlJSt be 
'--' perforrr.ed. 

Ca lcula ti on: 

1. Calculate with Lachat QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~ .,/J.sl!? 
Michael J. Linksens 
La bora tory Manager 

\\. ~~ 
Kiili r.'tinner 
A~lytical Laboratory QA/QC Officer 

~J.~ 
lawrence D. Andersen 
Vice President, Technical Services 
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CHLORIDE - AUTOANALYZER 

Scope and Application: This method is applicable to drinking water, 
surface water, groundwater. and wastewater. 

References: EPA 1983, Method 325.2 
Lachat Instruments I986, Method 10-117-07-1-B 

Sample Handling: Refrigerate at 4•c and analyze within 28 days of collection. 

Detection Limit: I.O mg/L. 

Optimum Concentration Rance: 1. 0 - 100 mg/L 

Instrument Conditions: 

'- I. Pump speed: 35 

~~ 

2. Cycle speed: 30 seconds 
3. Load period: 15 seconds 
4. Inject period: 15 seconds 
5. Inject to start of peak period: 8 seconds 
6. Inject to end of peak period: 35 seconds 
7. Gain: 200 
8. Zero: 250 
9. Interference filter; 480 nm 

IO. Sample loop: 20 em 
11. Standards for curve set-up: o. 10.0, 20.0. 50.0, ao.o. 100. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 

~~ I. Degassed Millf-Q water - 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in cubitainer, 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water. (15 min/20 L.) Store in cubitainer. 

2. Stock chloride standard (1000 mg/l Cl): In a I liter volumetric 
fl~sk, dissolve 1.648 g of primary grade sodium chloride (NaCl), 
previously dried at 103·c. in 500 ml Milli-Q water. Dilute to 
the mark and invert to mix. 
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3. Standards: (Prepare fresh every 2 months.) 

Concentra tf on 
of Standard 

0 mg/L 
10.0 mg/L 
20.0 mg/L 
50.0 mg/l 
80.0 mg/L 
100 mg/L 

letter Volume of 
Identifier Cl Standard 

A 0 
8 2.0 
c 4.0 
0 25.0 
E 40.0 
F 20.0 

~: Final volumes are not the same! 
Computer refers to standards by letter. 

Dilute 
to 

200 
200 
200 
500 
500 
200 

~.; 4. Stock mercuric thiocyanate reagent: In a 1 liter volumetric flask. 
dissolve 4.l7g of mercuric thiocyanate (Hg(SCN)2) fn one liter of 
methanol. Invert to mix. Store fn amber glass. 

. \ 

'~-·/ 

s. 

6. 

Notes: 

CAUTION: Mercury is a very toxic meta 1. WEAR GLOVES! 

Stock ferric nitrate rea ent {O.SM): In a 1 liter volumetric flask. 
dissolve 202.0g of ferric nitrate Fe(NOJ)3 • 9Hz0) in approximately 
800 ml of deionized water. Ada 25 mL of concentrated nitric acid 
and dilute to one liter. Invert to mix. 

Combined color rea;rnt: Mix 150 ml of stock mercuric thiocyanate 
solution with 150 of stock ferric nitrate reagent and dilute to 
1000 nL with deionized water. Vacuum filter through a 0.45 micron 
merorane filter • 

1. Samples must be diluted to obtain concentrations within the optimum 
working range. 

2. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 

3. The chloride standards may be combined with alkalinity and sulfate 
standards for use with the 3 channel method. 

4. Any sample with turbidity must be filtered prior to analysis. (Use 
Wha tman 11 or 14.) 

. 
5. Color is an interference. dilute the sample and also spike this 

sample to confirm the quality of the result. 

System Operation: 

A. Refer to "Auto Analyzer Operation Start-up procedure". 
(lOP# lAA-sPction A) 

ClAA-2 
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B. Analyze a blank and an EPA check standard at the beginning of 
each run. 

C. Use a 40 ppm Cl for the spike level. 

D. The calibration check standard 1s SO mg/L (D). 

E. Refer to •Auto Analyzer Shut-down procedure•. 
• (IOPI lAA-section B) 

Quality Control: 

1. Establish a standard curve wfth the standards listed above. 
Record the check standard in the check standard book. The 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagent, pump tubing, valves, etc.}. 

2. A quality control calibration standard.of 50.0 mg/l is to be 
analyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalyzed. Record the calfbratfon standards in the' quality 
control book. The acceptable limits are noted in the quality 
control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike samples with a standard in a 
1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Calculations: 

l. Calculate with lachat QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~qf~$:> 
Mi~skens 
laboratory Manager 

\\~~~ 
Kim D. F1nner 
Analytical laboratory QA/QC Officer 

~~.~ 
lawrence D. Andersen 
Vice President, Technical Services 
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NITRATE - AUTOANALYZER 

Scope and Aoplic~tion: This method is applicable to drinking water. 
surface water. groundwater and wastewater. 

Reference: EPA 1983. Method 353.2 
lachat Instruments. 1986 

Detection limit: 0.02 mg/l 

Optimum Range: 0.02 - 2.00 mg/L N03. 

Sample Handling: Analyze within 48 hours of collection. If this is not 
possible, preserve the sample with 2 mL concentrated 
H2S04/I liter and analyze within 14 days. 

Instrument Conditions: 

1. Pump speed: 35 
2. Cycle period: 50 seconds 
3. Load period: 20 seconds 
4. Inject period: 20 seconds 
5. Inject to start of peak period: 22 seconds 
6. Jnject to end of peak period: 68 seconds 
7. Gain: 450 
8. Zero: 400 
9. Interference filter: 520 nm 

10. Sample loop: 17 em 
11. Standards for curve set-up: o. 0.20, 0.50, 1.00, 2.00 
12. Column: (see reagents 7-10) 

·~)Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated.) 

1. Deoassed Milli-Q water (2 options): 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
in a cubitainer, or 

b. Bubble helium, using the fritted gas dispersion tube, through 
the Milli-Q water. Store in a cubitainer. (15 min/20 .U 

2. Stock nitrate standard (100 mg/L N03): In a 1 liter volumetric flask, 
dissolve 0. 7218 potassium nitrate (KNOJ) in about 600 ml of MO li-Q 

·water. Add 2 ml of chloroform, as a preservative. Dilute to the 
mark. Store in a dark glass bottle. 

3. Working stock nitrate standard (10 mg/l N03): In a 100 mL volumetric 
flask, pipet 10.0 iTil of the stock nitrate standard and dilute to the 
mark with r-1illi-Q water. Standard is good for 2 weeks if HzS04 preserved. 

NOJAA-1 
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4. Stan~ards: (Prepare fresh every 2 weeks.) PresPrve wfth 0.2 mL 
H2S04. 

5. 

6. 

Con centra ti on Letter Volume of Dilute 
of Standard Identifier N03 Standard to 

0 mg/l A 0 100 rrt.s 
0.20 mg/L 8 2.0 100 nt.s 
0.50 mg/L c s.o 100 nt.s 
1.00 mg/L 0 10.0 lOOmls 
2.00 mg/L E 20.0 100 mls 

Note: Computer refers to standards by letter. 

Sodium hldroxide (15M): To 250 ml of Milli-Q water, add lSO.Og 
NaOH. S OWLY! This solution will get very HOT! Swirl to dissolve. 
Store in a plastic bottle. 

Ammonium chloride buffer solution: In a 1 liter volumetric flask, 
dissolve 85.0g of ammonium chloride (NH4Cl) and l.Og of disodium 
ethylenediamine tetraceta te dihydrate (EDTA) in approxfma tely 
800 ml Milli-Q water. Adjust the pH to 8.5 with the 15M NaOH. 
Dilute to the mark. 

7. Sulfanilamide color reagent: In a 1 liter volumetric flask, add 
approximately 800 ml of Milli-Q water. ThPn add 100 ml ~oncentrated 
phosphoric acid (H3P04). Add 40.0g sulfanilamide and dissolve 
completely. Dissolve l.Og N-1-naphthlethylenediamfne dihydrochloride 
(NED) and dilute to one liter. Store in dark bottle at 4•c. Stable 
for 2 months wh~n refrigerated. 

8. Column Preparation: 

a. Cadmium preparation: Place 10-20g of coarse cadmium powder 
(granules) in a 250 ml beaker and wash with 50 ml of acetone, 
then distilled water, then two 50 ml portions of 1 M hydrochloric 
acid (8 ml concentrated hydrochloric acid plus 92 ml deionized 
water). Then rinse thoroughly with deionized water. If using 
cadmium for second time, rin~e with 1 M hydrochloric acid before 
bP.ginning process. CAUTION: Collect and store all waste cadmium. 
Wear gloves! 

h. Conperization: Prepare a 2S copper sulfate solution (20g cuso4·sH20) 
per liter of deionized water) and add a 100 ml portion to the 
c~dmium prepared in "a 11 above~ Swirl gently for about 5 minut~s. 
then decant the liquid and repeat with a fresh 100 ml portion of 
2% copper sulfate. Continue this process until colloidal copper 
is visible in the supernatant (a red-brown precipitate) and 
solution remains blue in color. Decant and wash with at 
least 5 portions of ammonium chloride solution (Reagen~6) 
to remove the colloidal copper. The cadmium should be 
black or dark gray. The cadmium granules may be stored in 
a stoppered bottle in ammonium chloride solution (Reagent 6). 
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Notes: 

c. Packing the column {wear gloves!): Place a small piece of 
polyurPthane foam lor glass wool) loosely in thP. end of the 
glass tube. Insert the plugged end of the glass tube into 
the column end fitting. Cut a length of 0.032" fd teflon 
tubing 3 to 4 inches longer than the column. 

d. 

Insert the teflon tube in the end fitting and fill the whole 
tube with water, holding the flexible tube in a U-shape so 
that the ends are level. Place the second end fitting on 
the other.end of the teflon tubing. (Placing a small funnel 
onto the end fitting may aid filling.) Taking care that no 
air bubbles are introduced, place the copperized cadmium 
granules in the column. Tap the column gently, every 1-2 em, 
to pack the granules. When the column is packed to within 
about 5 mm of the end of the glass column, insert another 
foam plug, then the column end fitting. Store the column 
with the ends connected with a length of teflon tubing, as 
air pockets or having the column dry out will necessitate 
repacking. If air remains in the column. connect the column 
to the manifold and turn the pump on maximum. Tap column 
firmly until all air is removed. 

Column activation: The column must be activated before use 
or it will not reduce nitrate. This may be accomplished by 
pumping the 10 mg/l nitrate standard through the sampler 
line. When the solution is injected, a brilliant pink 
color will be visible in the coil. The cadmium column 
effeciency should be above BOS, if less, the column must be 
repacked. 

1. . Interferences: 

Build up of suspended matter in the reduction column will 
restrict sample flow. Since nitrate-nitrogen fs found in 
a soluble state, the sample must be pre-filtered. 

- low results might be obtained for samples that contain 
high concentrations of iron, copper or other metals. EDTA 
is added to the samples to eliminate these interferences. 

- Samples that contain large concentrations of oil and grease 
w;ll coat the surface of the column. This interference is 
eliminated by pre-extracting the sample with an organic 
sol vent. 

2. Samples must be diluted to obtain concentrations within the 
optimum working range. 
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3. The gain and zero settings are guidelines and must be adjusted 
each day to optimize. 

4. Color will intefere; dilute the sample and also spike this sample 
to confirm the quality of the result. 

5. ACS grade ammonium chloride has been found occasionally to 
contain significant nitrate contamination. so an alternative 
preparation for the ammonium chloride buffer (Reagent 6) is as 
follows: 

In the hood,·add 126 mL concentrated HCl to a 1 liter volumetric 
flask containing 500 ml degassed Milli-Q water. Mix. Add 95 ml 
ammonium hydroxide and 1.0 gm disodfum EDTA. Dissolve and dilute 
to the mark. The pH should be 8.5! .1, adjust pH if necessary. 

System Operation: 

'- 1. RP.fer to Auto Analyzer Operation- Start-up Procedure 

-. 
~~) 
" 

(IOPI LAA-SP.Ctfon A). 

2. After pumping reagents through the lines. turn off the pump and 
insert column, making sure that air bubbles are not introduced 
into the column. 

3. Activate column. (See IBd. above.) 

4. Analyze a blank and EPA check standard at the beginning of 
each run. 

5. Use 0.5 ppm spike levels. The calibration check standard 
is 1.00 mg/l N03 (D). 

6. If only nitrate is requested, nitrites must be analyzed and 
subtracted from the nitrate + nitrite value. 

7. However, s;nce this method analyzes both forms of nitrogen, 
if the nitrate+ nitrite.result is <0.02, nitrite does not 
need to be run for that sample. 

B. After use, turn off the rump and remove the column from the 
manifold. 

9. Refer to Auto Analyzer Shut-down Procedure. 
(lOP# LAA-section B.) 

Qua H ty Contro 1: 

1. Establish a standard curve with the standards listed above. 
Record the check standard in the check standard book. ThP 
concentration should remain consistent from run to run. If 
not, necessary troubleshooting must be performed before 
continuing (check reagents, pump tubing, valves, etc.). 
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2. A quality control calibriltion standard of 1.00 mg/l is to be 
~nalyzed, at a minimum, after every 10 samples. If less than 10 
samples are analyzed, ;j· calibration standard is still required. 
The last sample analyzet1 fn the run fs to be thP calibration 
standard. These standards must be wfthfn the acceptable ranges 
or the samples run after the last acceptable check standard are 
to be reanalzyed. Record the calibration standards fn the 
quality control book. The acceptable limits are noted in the 
quality con~rol book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less 
than 10 samples are analyzed, a duplicate and spike are still 
required. Duplicates are to be averaged. Spike samples with 
a standard in a 1:1 ratio of sample to standard. Spike recoveries 
and duplicates are to be within acceptable ranges or troubleshooting 
must be performed. 

Ca 1 cula tion: 

1. Ca 1 cula te with lacha t QuikChem software, in the concentration 
mode, using the IBM XT computer. 

~~ i/~Jr? 
Michael J. linskens ' 

Revision Dates 

8-18-87 

laboratory Manager 

K~~~~Ae 
~z.:z::c;/u/1? 

lawrence D. Andersen 
Vice President, Technical Services 

[KMl-3-17] N03AA-5 



r ···,~ 

SULFATE - AUTOANALYZER 

Scope and Application: This method fs applicable to drinking water, 
surface water, groundwater. and wastewaters. 

Reference: EPA, 1983, Method 375.2 
Lachat Instruments. 1986, Qu1kChem Method 10-116-10-2-B 

Detection limit: 5.0 mg/L 

Optimum Concentration Range: 5.0 - 200 mg/l 

~j Sample Handling: Refrigerate at 4•c and analyze within 28 days of collection. 

'- Instrument Condition: 

1. load time: 20 seconds 
2. Inject Period: 30 seconds 
3. Inject to peak start period: 9 seconds 
4. Inject to peak end period: 54 seconds 
5. Cycle time: 50 seconds · 
6. Gain: 200 
1. Zero: 700 
8. Interference 

Sample loop: .9. 
10. Standards to 

filter: 460 nm 
10 em 

use for curve set-up: o. 25.0, 50.0, 100, 150, 200 mg/L. 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwisP noted.) 

1. Degassing with helium- 2 options: 

a. Boil Milli-Q water vigorously for 5 minutes. Cool and store 
fn cubitainer. 

b. Bubble helium, using the frftted gas dispersion tube, through 
the Milli-Q water. (15 mfn/20 L.) Store in cubitainer. 

2. Carrier (0.3 'ppm SOt): In a 1 liter volumetric flask, add 0.3 mL 
of lOOO ppm stock sulfate solution and dilute to mark with degassed 
M i 11 f -0 wa te r. 

3. Barium chloride solution (6.24M): In a 1 liter volumetric flask. 
dissolve 1.526 g of barium chloride dihydrate (BaC1 2·2H20) in 500 ml 
of degassed Mflli-Q water and dilute to 1 liter. 

4. Hydrochloric acid (l.ON}: In a 100 ml volumetric flask, containin.g 
approximately 80 ml of Milli-Q water, add 8.3 ml of concentrated 
hydrochloric acid and dilute to the mark with Milli-Q water. 
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5. Barium - MTB color reagent: (The purity of the methylthymol blue and 
the alcohol can be critical. USE THE SOURCES STATED BELOW.) 

In a dry 1000 ml volumetric flask, place 0.2364 g of methylthymol 
blue (3', 3•bis-N,N-bis carboxymethyl)-amino methylthymolsulfon
ephthalein pentasodium salt (kodak No. 8068). Add SO ml of barium 
chloride solution (•3• above). The solution may be used to aid in 
the transfer of the dye. Swirl to dissolve. Add 8.0 ml of the 1.0 
N HCl solution (•4• above) and mix - solution should turn orange. 
Add 142 ml deionized water and dilute to 1000 ml with ethanol (Aldrich 
24.511.9) Mix. The pH of this solution should be 2.5. Prepare 
this solution the day before use and store it refrigerated in an 
amber bottle. 

6. Sodium hydroxide 'sos stock solution): Cautiously dissolve 500 g of 
sodium hydroxide (NaOH) in 600 mt of Mflli-Q water. Cool and dilute 
to 1 liter. Store in plastic bottle. CAUTION: The solution will 
become very hot! 

7. Sodium hydroxide (0.18 N): In a 1 liter volumetric flask, add 
14.4 ml of SOl sodium hydroxide ("6• above) to degassed Mnli-Q 
water, and dilute to the mark. • 

8. Buffered EDTA (for cleaning manifold): In a 1 liter volumetric flask, 
dissolve 6.75 g ammonium chloride (NH4Cl) in 500 ml Milli-Q water. 
Add 57 mL concentrated ammonium hydroxide and 40.0 g tetrasodfum EOTA 
dihydrate. Dissolve by swirling; dilute to the mark with Milli-Q 
water.· 

9. Sulfate stock (1000 mg/L): Dry approximately 2 g of sodium sulfate 
CNa2S04) at lOS'C for 2 hours. Cool in a desiccator. In a 1 liter 
volumetric flask, dissolve 1.479 g of the dried sodium sulfate in 
Mfllf-Q water and dilute to 1 lfter. (1.0 nt. • 1.0 mg S04=) •. 

10. Working standard: (Prepare fresh every 2 months) 

Con centra ti on letter Volume of Stock Dilute 
of Standard Identifier Sulfate S ta nda rd to 

0 mg/L A 0 200 ml 
25.0 mg/L B 5.0 ZOO ml 
50.0 mg/L c 10.0 200 ml 
100 mg/l 0 50.0 500 mL 
150 mg/L E 75.0 500 mL 
200 mg/L F 40.0 200 mL 

Note: Final volumes are not the same. 
Computer refers to standards by letter. 
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Preparation of Ion Exchange Column: 

1. Make a slurry of approximately 0.5 g of BioRex 70, 50-100 mesh ;on 
exc~a nge re-; in in Mi 1 H -Q water. 

2. Remove one column end from the glass column. Fill the column with 
water, then aspirate the slurry or allow it to settle by gravity to 
pack the column. Take care to avoid trapping air bubbles in the 
column and fts fittings at this point and all subseQuent operations. 

3. After the resin has settled, replace the end fitting. To ensure a 
good seal, remove any resin particles from the threads of the glass, 
the column end and the end fittings. To store the column, the ends 
of the Teflon tubing may be joined with a union.· 

4 •. To test the effectiveness of the column, make up a standard of pure 
sodium sulfate and compare its peak height to an identical standard 
with hardness typical of the samples added. If the column is being 
depleted, the standard with hardness will read lower because the 
divalent cations are complexing the free MTB. The concentration of 
thP standard should be mid-range. If deplPtion has occured, repack 
the column with fresh resin. 

5. Regenerating Resin: Batch regeneration is recommended because the 
hydrogen form of B1oRex 70 can swell considerably more than the 
sodium form. Collect the used resin fn a small beaker or flask. 
Wash with dilute HCl until the wash tests free of calcium and/or 
magnesiu~. This procedure removes the divalent cations by 
converting the carboxylate exchange group to the protonated form -
COOH. Convert the resin back to the sodium form by neutralizing 
with washes of O.SM NaOH until the wash has a pH of 9 or greater. 
Rinse with deionized water for storage or repacking. A column may 
be used for 3-4 trays (approximately 150 samples) before it needs 
to be replaced. 

Notes: 

1. Samples must be diluted to obtain concentrations withfn the optimum 
working range. 

2. Sulfate standards may be combined with alkalinity and chloride 
standards for use with the 3-channPl method. 

3. The gain and zero settings are guidelines and must be adjusted each 
day to optimize. 
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4. Inteferences: 

- The cation exchange column removes multivalent cations. Run a 
mid-range sulfate standard containing a typical con~entraUon of 
CaC03 periodically to check performance. Any decrease in peak 
height should indicate the need to regenerate or replace the 
resin. (At 600 ppm CaCOJ, the column is good for 80 +injections.) 

- Samples with pH less <2 should be neutralized. High acid 
concPntrati~ns can displace multivalent cations from the column. 

- Color will interfere. Dilute the sample and also spike this sample 
to confirm the quality of the result. 

- Turbidity - turbid samples may be filtered (use Whatman #1 or 
#4) prior to analysis on lachat. 

- Orthophosphate also forms a precipitate with barium at high pH. 
Check the response of pure orthophosphate standards, if samples 
are known to be high in P04•. 

5. Troubleshooting: 

A. Baseline noise with reagents pumping. 

1. Noise with column in line but good baseline without column. 

a. Repack column, air bubbles may be causing pulsing. 

b. Check flow fit connectors and end fittings on column 
for blockage or leaks. 

2. Noise with and without column in line. 

a. Degas carrier and/or reagents. Fine bubbles cause 
sharp spikes on baseline. 

b. Place a longer piece of manifold tubing on the outlet 
of the flow cell leading to the waste container. This 
method requires the use of the screw type flow cell. 

c. Replace the pump tubes. The silicone tube, used for the 
color reagent, wears faster than the PVC pump tubes. 

d. With water pumping in the lines, check all hydraulic 
connections for blockages, leaks, etc. 
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B. Baseline drift. 

1. Clean the manifold with the buffered EDTA. 

2. Turn the gain high and use the shortest sample loop possible. 

System Operation: 

This improves the linearity of the calibration curve. prolongs 
the useful life of the column. and minimizes the build up of 
BaS04 on the manifold tubing. 

1. Refer to •Auto Analyzer Operation Start-up procedure• (SOPf LAA
section A). 

""\ 2. Pump reagents through lines until baseline fs stable. Then turn off 
~'ff/ pump and insert column. 
'';' 

3. Pump reagents through the lines before inserting the column. Use a 
short piece of manifold tubing in place of the column. When all air 
has passed and the baseline is steady. turn off the pump and insert 
t'he column. The column should be placed in avertical position with 
flow in the top and out the bottom. In this configuration. the column 
will operate effectively even if the resin packs down more to leave a 
gap at the top. Resume pumping. 

4. Analyze a blank and an EPA check standard at the beginning of 
each run. 

5. Use a 75 ppm spike level. The ca libra tfon check standard fs 
100 mg/l (D). 

6. To shut down. turn off pump and remove the column. 

To removP the column: 

a. Turn off the pump. 
b. Remove the column. 
c. Join ends of the column with a union. 
d. Replace the column on the manifold with the short teflon tubing 

piece. 
e. Rinse manifold with Milli-Q water. 
f. Rinse manifold with EDTA cleaning solution. 
g. Rinse manifold aqain with Milli-Q water. 
h. Pump dry. 

Follow "Auto Analyzer Shut~down procedures" {SOP# LAA-Section B). 

Quality Control: 

' 
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2. A quality control calibration standard of 100 mg/l fs to be 
analyzed, at a minimum, after every 10 samples. lf less than 10 
samples are analyzed, a calibration standard fs still required. 
The last sample analyzed fn the run is to be the calibration standard. 
These standards must be within the acceptable ranges or the samples 
run after the last acceptable check standard are to be reanalyzed. 
Record the calibration standards in the quality control book. The 
confidence lfmfts are noted fn the quality control book. 

3. Duplicate and spike a minimum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spfke are still required. 
Duplicates are to be averaged. Spike samples with a standard of 
a 1:1 ratio of sample to standard. Spike recoveries and duplicates 
are to be within acceptable ranges or troubleshooting must be 
performed. 

Ca 1 cula tf ons: 

1. Calculate with the lachat QufkChem software, in the concentration 
mode, using the IBM-XT computer. 

~~~&r!r? 
Micilae:fnskens 
Laboratory Manager 

Analytical laboratory QA/QC Officer 

~J~ 
lawrence 0. Andersen 
Vice President, Technical Services 

. [KAW-3-13] S04AA-6 
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AMMONIA NITRQGEN 

Scope and Application: This method is applicable to the determination of 
ammonia-nitrogen in drinking water, surface water, 
groundwater, sludges, soils, and industrial wastes. 

Method: Micro-distillation, Colorimetric 

Reference: EPA, 1983, Method 350.2 

Detectjon Limit: 0.10 mg/L for aqueous samples 
5.00 mg/kg for soils and sludges 

,.,.. Ootimum Range: 0.10 - 2.00 mg/L for aqueous samples 
~ 5.00 - 100 mg/kg for soils and sludges 
"-;;! 

Sample Handling: Acidify aqueous samples with concentrated sulfuric acid to 
pH <2 and refrigerate at 40C. Refrigerate soils ans sludges 
at 4oc. Analyze within 28 days of sampling. 

Reagents and Apoaratus: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

Kjeldahl flasks, 100 ml 
Keeney distillation apparatus 
Spectrophotometer, set at 425nm with sipper cell 
Erlenmeyer flasks, 50 ml 
Sulfuric acid, concentrated 
Mill i -Q water 
pH meter, 0.1 pH unit sensitivity . 
Volumetric glassware) Class A (pipets and flasks) 
Top loading balance, 0.01g sensitivity 
Graduated cylinders, 50 ml 
Mixin~ cylinders, 50 ml 
Ammon1um chloride (NH4Cl) 
Boric acid (H3B03) 
Mercuric iodiae (Hgl~) 
Potassium iodide KI 
Sodium hydroxide !Na H) 
Sodium tetraborate (Na28407·lOH20) 
Sodium thiosulfate (Na2S203·5H20) 
Analytical balance, O.OOOlg sensitivity 
150 ml beaker 
Stir bars and stir plate 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise stated). 

1. Ammonium chloride stock solutionClOOO mg/ll: In a 1 liter volumetric 
flask, dissolve 3.819g NH4Cl in approximately 300 ml Milli-Q water and 
bring to volume. 

[C-600-92} 
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2. 

3. 

4. 

5. 

6 . 

7. 

8. 

9. 

~: 

Ammonium chloride standard solution CJO mg/L): Dilute 10.0 ml of the 
anvnonium chloride stock solution to 1 liter with Hilli-Q water in a 
volumetric flask. 

Borjc acjd solution: Dissolve 20.0g H3803 in Hilli-Q water and dilute 
to 1 liter i.n a volumetric flask. 

Nessler reagent: Dissolve 100g of mercuric iodide and 70g ~f potassium 
iodide in a out 200 ml of Hill-Q water. Add this mixture ~' while 
stirring to a CQQLED solution of 160g NaOH in 500 ml Milli·Q water. 
Dilute the mixture to 1 liter. Store in a Pyrex bottle and keep out of· 
direct sunlight. 

Sodium hvdrofide (1Nl: Dissolve 40g of NaOH in Milli-Q water and 
dilute to 1 iter. 

Sodium hydroxide (0.1Nl: Dilute 100 ml of 1N NaOH to 1 liter with 
Hilli -Q water. 

Borate buffer: Add 88 ml of 0.1N NaOH solution to 500 ml of 0.025M 
sodium tetraborate solution. Dilute to 1 liter. · . 

Sodium thiosulfate (1/70Nl: Dissolve 3.5g NazSz03·5HzO in'Milli-Q 
water and dilute to 1 liter. (1 ml of this solut1on will remove 1 mg/L 
of residual chlorine in 500 ml of sample). 

1. Residual chlorine must be removed prior to distillation by pretreating 
the sample with sodium thiosulfate solution. 

2. Pre-steam the distillation apparatus with 10% NaOH before use for each 
batch analyzed. 

3. Cyanate and some volatile alkaline compounds may cause an offcolo. 
nesslerization. This off-color can be eliminated by boiling the sample 
at a low pH (pH 2-3) to drive off the compound. This should be done 
prior to the distil1ation step. 

Procedure: Sample must be homogenized prior to analysis to ensure a 
representative sample aliquot. 

Distillation: 

1. All ~lassware is to be soap and wate washed, tap water rinsed, and 
Hill1-Q wate~ rinsed prior to use. 

[C-600-92] 
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2. 

3. 

4. 

The reservoir should be 2/3 full with Milli-Q water. Add a few boiling 
chips. Add sulfuric acid to reservoir to bring to a pH <2. Turn on 
the heater. Set heater control to about 6. Allow the steam reservoir 
to heat up. This unit will take about 45 minutes to heat-up. Turn the 
heater control to about a setting of 9 and bring to boiling. Analysis 
can begin once boiling begins. 

Prepare the distillation apparatus as follows: Steam out the 
distillation apparatus with a 101 NaOH solution. Analyze a blank to 
confirm no trace of ammonia exists (no color change with the addition 
of the Nessler reagent to the distillate). . 

Aoueous samoles: 

Place 40 ml or an aliquot of sample diluted to 50 ml in a 150 ml 
beaker. Record the volume used. Add lN NaOH while stirring very 
slowly until the pH is 9.5 using pH paper. 

To soike: Place 45 ml sample and 5 ml of the 10 mg/L ammonia standard 
to the Kjeldahl flask and continue with procedure. 

Non-aoueous samoles: 

Place approximately 1.0g in a 150 ml beaker. Record weight used. Add 
50 ml Milli-Q water and adjust the pH with 1N NaOH, while stirring 
slowly, to pH 9.5 using pH paper. · 

To s~ikf: Place l.Og sample, 1 ml of the 1000 mg/L ammonia standard in 
the je dahl flask. Add 50 ml Milli-Q water and continue with 
procedure. 

5. Transfer the pH-adjusted sample to a 100 ml Kjeldahl flask. Add 2.5 ml 
of borate buffer. 

6. Add 5 ml of boric acid to a 50 ml Erlenmeyer flask and place flask at 
the condenser outlet with the tip of the condenser immersed in the 
boric acid. 

7. Connect the Kjeldahl flask to the distillation apparatus and secure 
with springs. 

8. Open the stopcock to the still on the condensation chamber. Close the 
drain stopcock. The steam will now pass through the Kjeldahl flask. 

9. Steam distill 30-40 ml at a rate of 4-5 ml/min. 

10. Remove the Erlenmeyer flask. 

11. Rinse the tip of the condenser and steam outlet into a waste beaker. 

[C-600-92] 
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12. Continue distilling remaining samples, blanks and standards. When all 
samples, blanks and-standards are distilled, the colorimetric 
determination can be performed. 

Colorimetric Determination: 

1. Prepare the following series of blanks and standards in SO ml mixing 
cylinders (These do not need to be taken through the distillation 
step). · 

2. 

3. 

4. 

s. 

ml of 10 mg/L 
ammonium chloride Dilute Concentration 

solution to Cma/L 

0 
0.5 
1.0 
2.0 
5.0 
10.0 

50 ml 
50 ml 
50 Ill 
SO ml 
SO ml 
SO ml 

BLANK 
0.10 
0.20 
0.40 
1.00 
2.00 

Add 2.0 ml of Nessler reagent to the blank and standards·. Stopper and 
mix by inverting several times. 

After 20 minutes, read the absorbances on the spectrophotometer set at 
425nm using the sipper cell. Zero the spectrophotometer to the 
distilled reagent blank. 

Transfer distilled samples to SO ml volumetric flasks and dilute to 
50 ml with Milli-Q water. Mix. 

Determine the ammonia in the distillate as follows: 

· Transfer 25 ml of distillate, or an aliquot diluted to 
25 ml, to a mixing cylinder. 

• Add 1 ml of Nessler reagent and mix by inverting several times. 

• After 10 minutes, read the absorbance as described in Step 3. 

Calculations: 

1. Aaueous Samples: 

a. Calculate using linear regre_ssion. 

b. Multiply in any dilution factors performed in the distillation and 
colorimetric steps to obtain the final result in mg/L. 

[C-600-92] 
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2. Non-Aqueous Samoles: 

a. 

b. 

c. 

Calculate using regression to obtain a mg/l value. 

Multiply in any dilution factor performed in the colorimetric step 
(mg/l). 

Multiply result obtained from •step b• by 50 and divide by grams of 
sample used to obtain the final result in mg/kg. 

3. Spike calculation: 

[Total mll[Conc. of] £ ml l[Conc. of) 
I Recovery • [SA + STD] [ s~ke l - [SA used] [ SA l 

Where SA • sample 
STD • standard 

(ml STD use ) (Cone. STO) 

DualitY Control: 

1. Establish a standard curve with the standards listed above plus a 
blank. The standard curve must be carried through the distillation 
process. Record the absorbance check standards (1.00 mg/L) in the 
absorbance check book. The absorbances should remain consistent from 
run to run. If not, necessary troubleshooting must be performed before 
continuing (check wavelength, spectrometer bulb, solutions, etc.). 

2. 

3. 

4. 

A distilled blank and standard f1.00 mg/L) is to be analyzed initially 
and at the end of the analytica run. lhe standard must be within 
acceptable ranges (± 10% of true value), or troubleshooting must be 
performed. 

A quality control calibration standard of 1.00 mg/l is to be analyzed, 
initially and after every 10 samples. This standard does not need be 
carried through the distillation procedure. The last sample analyzed 
in the run is to be the calibration standard. These standards must be 
within the acceptable ranges (± 10% of the true value) or the samples 
run after the last acceptable check standard are to be reanalyzed. 

Duplicate and spike a minimum of 1 out of 10 samples. If less than 10 
samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spike recoveries and duplicate results 
~re to be within acceptable ranges. 

[C-600-92] 
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CHEMICAL OXYGEN DEMAND 

Scope and Application: This method is applicable to surfacewater, sewages, 
wastewater, and groundwater. 

Method: Dichromate reflux, Colorimetric 

Reference: EPA 1983, Method 410.4. 

Detection limit: 20 mg/l 

Optimum Range: 20-700 mg/l 

Sample Handling: Preserve with sulfuric acfd to a pH <2 and refrigerate at 
4•c. Analyze within 28 days • 

Reagents and Apparatus: 

1. Dichromate - mercuric sulfate-sulfuric acid digestion solution 
2. Silver sulfate - sulfuric acid catalyst solution 
3. COD standard solutions 
4. Block digester, set at tso•c 
5. 16 x 100 mm culture tubes with teflon lined screw caps 
6. Eppendorf macropipeter, 0-5 nt. . 
7. Spectrophotometer, set at 600 nm wavelength with sipper cell 
8. Eppendorf microliter pipeter, 10-100 ul 
9. 2 Repipette Dispensers, 1000 ml 

10. Milli-Q water 

Reagent Preparation: (Prepare fresh every 6 months, unless otherwise noted.) 
, . .._ 

·. 1 1. Digestion Solution: Add 10.2 g of dried potas.sium dichromate 
'-· (KzCrz07)• 33.3 g of mercuric sulfate (HgS04) and 167 mL of 

concentrated H2S04 to about 500 ml of Milli-Q water; dilute·to 
1000 ml in a volumetric flask a .. ·d stir until dissolved. Store 
i n a da rk p 1 ace. 

2. 

3. 

Silver Sulfate-Sulfuric Acid Catalyst Solution: Add 22.0 g of silver 
sulfate (Ag2S04J to a 2.5[ bottle of cone. HzS04• Stir to dissolve. 

COD Stock Standard, 1000 m~/l: Carefully weigh o.asoog of dried 
potassium acid phthalate ( HP), dissolve in Mill-Q water and dilute 
to 1 liter in a volumetric flask. Refrigerate. 

4. Working COD Standards: (Prepare fresh monthly and refrigerate.) 

A. 700 m7/l COD Standard: To a 100 ml volumetric flask, add 70 ml 
of 1000 mg L COD Stock Standard and dilute to the mark with Milli-Q 
water. 

CODl-1 



Notes: 

B. 300 mH/l COD Standard: To a 100 ml volumetric flask, add 
JO mi.. of 11>0 mg/L stock standard and dilute to the mark 
with Milli-Q water. 

C. 100 mH/l COD Standard: To a 100 ml volumetric flask, add 
lO iii of I 00 mg/l COD Stock Standard and dilute to the mark with 
M 1111-Q water. 

D. 50 mg/l COO Standard: To a 100 ll volumetric flask, add 5 mL 
of Iooo mg/L COD Stock Standard and dilute to the mark with 
M 1111-Q wa te r. 

E. 20 mg/l COD Standard: To a 100 ml volumetric flask, add 2 mL 
of Iooo mg/L COD Intermediate Standard and dilute to the mark with 
Milli-Q water. · 

1. If a dark green or turquoise color occurs when sample fs added or 
when the tube fs being heated; it is over the upper limit of the 
curve and must be diluted. · 

2. Interference: Chlorides represent a positive interference. 
Mercuric sulfate is added to the digestion tubes to complex the 
chloride. Mercuric sulfate can complex up to 2,000 mg/l chloride 
before reacting with dichromate in the sample. If chloride exceeds 
2,000 mg/l, dilute the sample. 

3. Reagents are corrosive and toxic. Avoid skin contact. 

· 1 4. Store standards in the refrigerator. 

5. Store the dichromate solution and prepared tubes in the dark. 

6. To clean the tubes, rinse several times in Milli-Q water. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
Milli-Q water rinsed prior to analysis. Rinse digestion tubes and 
caps with Milli-Q water prior to use. Caps deterioriate over 
time. Discard caps after 3 uses. 

2. Into each tube, pipet exactly 1.5 ml of COO digestion solution, 
using repipetter dispenser. · 

3. Into each tube, pipet exactly 3.5 nt. of the silver sulfate-sulfuric 
acid solution, using the repipetter dispenser, down the side of the 
tube. These tubes may be stored, with caps having teflon liners, 
indefinitely. Store in the dark! 

COD1-2 



4. The standard curve consists of the following standards: 

5 •. 

3 Milli-Q water blanks 
2-20 mg/l 
2-50 ang/l 
1-100 mg/L 
1-300 119/L 
1-700 mg/L 

The standards are carried through the digestion step. 

To S~ike: In a disposable cup, place 2.5 ml sample. add 2.5 mL 
of t e 300 mg/L standard. Mfx well. Take 2.5 ml of this mixture. 
proceed as follows. 

Using the Oxford 0-5 mL pipet, add 2.5 mL of sample. standard. 
blank or spike to the tube. Be careful to avoid air bubbles in 
the pipet tip and to eject all of the sample. Cap tubes tightly 
and mix by inverting 10-12 times. 

6. Place tubes in a block heater at lso•c for 2 hours. Block heater 
should be preheated at least 1 hour prior to use. 

7. Remove tubes from block heater. Cool to room temperature. Read the 
absorbance on spectrophotometer. set at 600 nm. using the sipper 
cell. Samples can be stored in refrigerator overnight and rea·d 
the next day. Do not shake tubes. Be very careful not to aspirate 
any of the precipitate in the bottom of the tube. Initially zero 
with the blank standard, and after 20 samp1es rezero. 

Quality Contro 1: 

1. Establish a standard curve with the standards listed above plus 
a blank. Record the absorbance check standard in the absorbance 
check book. The absorbances should remain consistant from run 
to run. If not, necessary troubleshooting must be performed 
before continuing (check wavelength. spectrophotometer bulb, 
solution, etc.) 

2. A quality control calibration standard of 100 mg/l COO is to be 
analyzed, initially and after every 10 samples. If less than 10 
samples are analyzed, a calibration standard is still required. 
The last sample analyzed in the run is to be the calibration 
standard. These standards must be within the acceptable ranges or 
the samples run after the last acceptable check standard are to be 
reanalyzed. Record the calibration standards in the quality control 
book. The confidence limits are noted in the quality control book. 

CODl-3 
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3. Duplicate and spike a mfniumum of 1 out of 10 samples. If less than 
10 samples are analyzed, a duplicate and spike are still required. 
Duplicates are to be averaged. Spflce recoveries and duplicate 
results are to be within acceptable ranges. 

Calculation: 

1. Calculate using linear regression. 

To Calculate Spfke: 

S Recovery s 

Michael J. Linskens 
laboratory Manager 

[AL-1-13] 

(spike value) - (0.5)(sample value) x 100 
ISO 

• 

Revision Date 
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TOTAL O~GANIC CARBON 

Scope and AppHcation: Thi.s method 1s applicable to surface water, sewage, 
wastewate~. and groundwater. 

Method: Wet oxidation, non-dispersive infra-red detection 

Reference: EPA 1983, Method 415.1 and 01 Model 524C Total Carbon System Manual 

Detection limit: 1.0 mg/L 

Optimum Range: 1.0-25 mg/L 

Sample Handling: Acidify with concentrated sulfuric acid to pH <2 and 
refrigerate at 4•c. Analyze within 28 days. 

Reagents· and Apparatus: 

1. 01 Model 524C Total Carbon System 
2. 10 rrt. sealed ampules 
3. Commercia 1 grade Oz gas 
4. Disposable propane gas cylinder 
5. Commercial-grade Nz gas 
6. Eppendorf microliter pipet, 100-1000 ul 
1. Eppendorf macropfpet, 0•5 ml 
8. Silicone grease 
9. Saturated potassium persulfate solution 

10. Organic carbon standard solutions 
11. Phosphoric acid solution, lOS 
12. Milli-Q water 

Reagent Preparation: 

1. 

2. Standard Carbon Solutions: 

25 mg/L TOC Standard: To a 1000 ml volumetric flask, pipet 25.0 ml 
stock carbon solution, and dilute to the mark with Millf-Q water. 

10 mg/l TOC Standard: To a 1000 ml volumetric flask, pipet 10.0 ml 
stock cabron solution, and dilute to the mark with Milli-Q water. 

5 mg/l TOC Standard: To a 1000 ml volumetric flask, pipet 5.0 rrt. 
stock carbon solution, and dilute to the mark with Milli-Q water. 

3 mg/l TOC Standard: To a 1000 ml volumetric flask, pipet 3.0 mL 
stock carbon solution, and dilute to the mark with Milli-Q water. 

TOCl-1 



3. 

4. 

Notes: 

1 mg/l TOC Standard: To a 100 ml volumetric flask, pipet 10.0 mL 
of a Io.o mg/l work carbon solution, and dilute to the mark with 
Milli-Q water. 

Potassium Persulfate Solution, Saturated: Fill a 1 liter glass 
stoppered bottle 3/4 full with,Mill1-Q water. Add potassium 
persulfate until no more crystals will dissolve. 

Phosghoric acid solution, lOS (v/v): Add 100 ml of phosphoric acid 
to 9 0 ml M1111-0 water. 

1. Contamination can be a problem. Keep ampules covered with aluminum 
foil after openi~g. 

2. Purge and seal the ampules believed to contain the lowest carbon 
content first. 

3. Always use clean purge tubes and purge cones. Clean with M1111-Q 
water. or a lOS HCL solution followed by M111i-Q water rinse. 

4. The flow rate of Nz.!!!!,!! remain constant. 

5. Changes fn flow rate may be due to: 

a. Exhausted primary drying tube 
b. leaky amoule seal 
c. Glass lodged in purge tube 

6. Check zero and span settings monthly. 

7. Change secondary drying tube daily. 

8. leave IR power on. 

9. High suspended solids can give variable results. It is important 
that the sample is well mixed prior to measuring out the sample. 

ProcPdure: 

1. All glassware is to be soap and water washed, tap rinsed and Milli-Q 
rinsed prior to analysis. 

2. Snap open an ampule along scoring. 

3. Using Eppendorf 1000 microliter pipet, pipet 1000 ul of saturated 
potassium persulfate solution into ampule. 

4. Using calibrated Oxford macropipet, carefully pipet 5.0 nt. of 
·sample into ampule. 

5. Using Eppendorf 1000 microliter pipet. pipet 200 ul of 10% phosphoric 
acid solution into ampule. 

TOCl-2 
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Scope and Application: 

TOTAl SUSPENDED SOLIDS 

This method is applicable to drinking water, 
surface water, groundwater, domestic and industrial 
wastewaters. 

Method: Gravimetric, dried at 103-1os•c 

Reference: EPA 1983, Method 160.2 

Detection l imf t: 2 mg/l (using a 500 ml sample volume) 

Sample Handling: Refrigerate at 4•c and analyze within 7 days of sampling. 

Reagents and Apparatus: 

1. Glass fiber filters, Whatman GF/C 
2. Gelman filtration funnel and support 
3. Suction flask, 1000 ml. 
4. Aluminum foil wefghfng dishes 
5. Graduated cylinder, 100 ml 
6. Drying oven set at 103-lOS•c 
7. Dessicator 
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with high dissolved solids may have a 
positive interference. and the filter should therefore be rinsed 
well with deionized water under suction after the sample has gone 
through the filter. 

2. Select a sample volume that will filter without overloading the 
filter. The a IT'' unt of Vi\cuum applied to filter the sample should 
not be excessive. Excessive vacuum will cause the filter to 
breakdown and lose weight. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed, and 
deionized rinsed prior to analysis. 

2. Prepare the glass fiber filter by placing it on the filter support, 
applying vacuum, and rinsing with three-20 mL portions of deionized 
water through it. 

3. Place the filter in an aluminum weighing dish and dry at 103-lOS•c 
for one hour. 

4. Place in a dessicator, and cool before weighing (at least one 
hour). Repeat this cycle until a constant weight (+ 0.5 mg) is 
obtained. Filters may be prepared ahead of time and stored in 
the dessicator until ready to use. 

TSSl-1 



6. Place ampule on purging rack and place a purge tube into ampule to 
the bottom of the ampule. (There is room to purge 10 samples at a 
time.) 

7. Purge each sample for at least 6 minutes with nitrogen (Nz) gas. 

8. light microburner. Place ampule fnto clamping assembly. leaving purge 
tube in-place 1n ampule. Base of ampule should be snug with base of 
clamping assembly. 

9. Swing microburner into place and seal ampule. 

10. Continue purging while sea 1i ng the tube being careful not to fuse 
the purging tube while sealing. Do this by raising the purge 
tube just abovP the sealing point of the ampule. 

11. Swing microburner back as soon as ampule is sealed. 

12. Remove sealed ampule from holder. Open clamping assembly and drop hot 
ampule tip into a beaker partially filled with water. 

13. Continue with steps 8-11 for the remaining samples. 

14. Place a'mpules in an oven set at gs•c for 2 hours. Cool. 

15. Place plastic stress adaptor and gum rubber seal on neck of ampule. 
(Silicon grease may be necessary.) 

16. Place ampule in breaking assembly and turn clamping screw until ampule 
is firmly in-place. Check seals to make sure these are no air leaks. 

17. lower purge tube until it is level with the tip of the ampule. 

18. Open zero gas valve (Nz). Adjust flow to 13 (200 ml/min.) on 
flowmeter. Purge air from top of ampule until integrator stops. 
Clear integrator. 

19. Close zero gas valve (Nz). Wait for flow to drop to zero. 

20. Raise purge tube clear of plunger cutters. 

21. Break ampule with a downward. twisting motion. 

22. Check ampule for cracks or leaks. 

23. Put purge tube down into solution in ampule, about 1/8" from bottom. 

24. Open zero gas valve (Nz). Flow rate should be 13 (200 ml/min.). 

25. Allow ampule to purge until integrator stops. 

26. Record the reading and clear the integrator. 

27. Remove ampule from assembly and discard. 

TOCl-3 
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Daily Instrument Set-Up: 

1. 

2. 

3. 

4. 

s. 

6 • 

7. 

8. 

9. 

10. 

11. 

Check to make sure the IR detector is on (red light should be on). 
If not left on, allow warm-up time of at least one hour. 

Place standardization vial with plastic adapter and gum rubber seal 
in ampule-breaking assembly. 

Turn valves on front panel to •Ampule Mode• and •x.R. Flow•. 

Open N2 valve on top of tank (pressure regulator set at 20 PSI). 

Open zero gas (Nz) valve by lifting handle straight out. 

Adjust flow rate to a flow meter reading of 13 (200 ml/mfn). 

Turn integrator unft on clear and zero. 

Check purging and sealing unit to ensure that a disposable propane gas 
cylinder fs connect.ed to adapter. 

Open 02 valve on top of tank (pressure regulator set at 20 PSI). 

Turn on catalyst heater on front panel of purge and setl unit. Allow 
unit to purge at soo·c for one hour. 

Check the ascarite in the tubes fn the sides of the unfts. It should 
be brown to light tan in color. If white, ft fs C02 saturated and must 
be replaced. 

12. Check drying tubes on front of ampule panel. If they appear wet or 
•clumpy•. replace with fresh dessfcant (magnesium perchlorate). 

13. Change secondary drying tube. 

Daily Instrument Shut-Down: 

1. Turn integrator power switch off. 

2. Close 02. propane, and Nz cylinder valves. 

3. Close 02 and N2 toggle valves. 

4. Remove and clean cutter plunger and barrel with Milli-Q water. Wipe dry. 

5. lubricate 0-rings with silicone grease and re-install cutter plunger and 
barrel. 

6. Re-install standardization vfal. 

7. Turn catalyst heater switch off. 

8. leave I.R. power on. 

TOCl-4 



Quality Control: 

1. Standard curve is to consist of the following standards; set 
in dup11 ca te: 

Mi111-Q·water blank 
1.0 mg/L 
3.0 mg/l 
5.0 mg/L 

10 • .0 mg/l 
20.0 mg/l 

2. The quality control check standard is to be analyzed before and 
after every 10 samples. The 10 mg/l check standard lll.ISt be within 
the critical levels or the samples analyzed prior to the last 
check standard are to be reanalyzed. Before the samples are 
reanalyzed, the analyst must diagnose the problem and consult with 
the laboratory supervisor until the problem has been resolved and 
approved. Record the result of the check standard in the quality 
control check standard book. 

3. Duplicate 1 out of 10 samples. 
a duplicate is still required. 

If less than 10 samples are analyzed. 
Average the results. 

4. Spike 1 out of 10 samples. If less.than 10 samples are analyzed, 
a spike is still required. For spikes, pipet 4 ml of sample 
and 1 ml of 20 mg/l organic carbon standard. Spike recoveries 
and duplicate results are to be within acceptable calculated ranges. 

-~j Ca 1 cu 1 at ion: 

1. Plot a standard curve from a series of standards. Calculate directly 
-- from graph. 

2. Calculate using linear regression. 

~~ tr{~~{f7 
Michael J. linskens 
laboratory Manager 

!\~~~ 
Kim D. Finner 
::: Assura"['? Officer 

_.., ··;kti:..J.-. , 
awrenceiT~ndersen 

Vice President, Technical Services 
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5. Weigh the aluminum dish containing the prepared filter on the 
analytical balance and record the weight. 

6. Assemble the filtering apparatus. Begin applying vacuum. Wet 
the f 11 te r w i th a 1ft t1 e D. I • water. 

7. Shake the sample well and pour an appropriate volume using a 
graduate~ cylinder. The use of pipets is required for volumes 
of 25 mL and less. Record the volume. 

8. Wf th the vacuum s tfll on, rinse the apparatus with 3-10 Ill 
portions of D.I. water. Continue the vacuum until ffltratfon 
is complete. 

9. 

10. 

11. 

12. 

· With forceps, carefully remove the fflter from the support and 
place in the~ aluminum dfsh. 

Place in the drying oven and dry at 103-lOs•c for one hour. 

Cool in a dessicator for one hour and weigh. Record the weight. 

Repeat drying cycle until weight change is !0.5 mg. Record the 
final weight. 

Quality Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate is still required. Duplicates should be within acceptable 
ranges. Oupli cates are to be averaged. 

2. A blank dish and filter are carried through the entire procedure, as :=J a check on contamination (cleanliness of dishes, oven, pipettes, etc.) 

Ca 1 cul a ti ons: 

TSS, mg/L = (A-B) x 1000000 
c 

Where A = weight of filter, aluminum pan and residue (g) 
B = weight of filter and aluminum pan {g) 
C = sample volume (ml) 

Michael J. Linskens 
laboratory Manager 

Kvin~~ 
Kim D. F;nner 
Analytical Labora ry QA/QC Officer 

- ~ ... ~ ,.,'l 
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TOTAL DISSOLVED SOLIDS 

Scope and Application: This method is applicable to drinking water. surface 
water. groundwater. and domestic and industrial 
wastewaters. 

Method: Gravimetric. dried at Iso•c 
Reference: EPA 1983. Method 160.1 

Detection Limit: 10 ~g/l (usfng a 100 mL sample volume) 

Sample Handling: Refrigerate at 4•c and analyze sample within 7 days of sampling. 

@ Reagents and Apparatus: 

1. Glas·s fiber filters, Whatman GF/C 
~ 2. Gelman filtration funnel and support 

3. Suction flask. 1000 mL 
4. Porcelain evaporating dishes 
5. Graduated cylinder. 100 mi.. 
6. Drying oven at 1ao•c + 2•c 
7. Des sica tor -
8. Analytical balance 
9. Deionized water 

Notes: 

1. Interferences: Samples with high concentrations of bicarbonate. 
Ca. Mg, Cl, and S04 will require prolonged arying, dessication, 
and rapid weighing. 

' 
2. Total residue should be < 200 mg. Excessive residue {>200 mg) 

is difficult to dry thoroughly. Use a smaller volume if TDS is 
suspected to be high; likewise use a larger volume if TDS is 
suspected to low. 

3. Groundwater samples which have already been filtered through a 
0.45 micron membrane filter do not need to be carried through 
the filtration step of the procedure. 

Procedure: 

1. All glassware is to be soap and water washed, tap rinsed and 
deionized rinsed prior to analysis. 

2. Evaporating Dish Preparation: If volatile dissolved solids is 
also to be analyzed, prepare the evaporating dishes by ashing at 
550 +so•c for one hour in a muffle furnace. 

Otherwise, heat the dishes at 180 + 2•c for one hour. Cool in 
dessicator. Weigh. Record the weight. The dishes must be cool 
before being weighed (about one hour). Repeat this cycle until 
a constant weight is obtained (+ 0.5 mg). Weigh just before use. 

TDSl-1 



3. 

4. 

s. 

Filter Prefarat1on: Place the glass ·fiber filter on the filtration 
support, p ace the funnel on top, and wash the filter with three-20 
ml portions of deionized water while vacuum is applied. Discard 
the washings. The filters may be prepared ahead of time. If 
this fs the case, dry them for 1 hour at 103 - 1os•c and store 
fn the dessicator until needed. 

Assemble the filtering apparatus, place a prepared filter on 
the support and begin suction. Shake the sample and measure out 
100 mL fn graduated cylinder. 

Filter the sample, then rinse the cylinder and funnel with a small 
amount of deionized water. Apply vacuum until all the sample 
has been filtered. Rinse with 3- 10 ml portions of D.I. water 
and continue the vacuum until filtration fs complete. 

~ 6. Pipet 50 ml of the filtrate (less, ff the sample fs expected to 
have a high dissolved solids content) fnto a prepared evaporating 
dish. 

7. Evaporate the sample to dryness fn the oven at 180 *2·c. Cool 
in a dessicator for at least one hour and wefgh. Repeai the 
drying cycle until the weight loss is ~o.s mg. 

Qua 1i ty Control: 

1. Duplicate 1 out of 10 samples. If less than 10 samples are analyzed, 
a duplicate fs still required. Duplicates should be within acceptable 
ranges. Duplicate results are to be averaged. 

2. A blank rrust be analyzed with each run. (This is a check on 
contamination, cleanliness of dishes, oven, pipettes, etc.). 

·.:)Calculation: 

TDS, mg/L = (A-B) X 1000000 
c 

Where A = weight of dish plus residue (g) 
B z weight of dish (g) 
C = volume of filtered sample used (ml) 

Michael J. Linskens 
Laboratory Manager 

L ~ ~ryVf\£A. 
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·CATION EXCHANGE CAPACITY OF SOILS 

Scope of Application: This method 1s applicable to soil samples collected as 
part of the American Chemical Services RI/FS. A total 
of 20 soil samples are anticipated. 

Method: Cation exchange capacity of soils. 

Reference: ASA-SSSA, 1982. Methods of Soil Analysis, Part 2. Chemical and 
Microbiological Properties. Agronomy Monograph No. 9 (2nd 
Edition). 

Sample Handling: Samples will be air dried at 6o•c upon receipt. A separate 
sample aliquot will be oven dried to determine moisture 
content. Samples will be stored until analysts. 

Interference - Corrective Action: If the soil fs initially high in salts 
(EC ~ 4 mmho/cm) wash the sofl with one 
33-ml increment of water before beginning 
saturation {avoid excessive washing to 
prevent loss of particles during 
dec.antation). 

Quality Control 

1. Laboratory duplicates should be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates should 
agree within 20 percent. 

Apparatus: 

1. Atomic absorption spectrometer 
2. Centrifuge 
3. Round-bottom, narrow-neck centrifuge tubes, 50 ml 
4. Ultrasonic disperser with microtip focusing horn 
5. Recfproc~tfng shaker 
6. Balance (.01 g sensitivity) 
7. Automatic cou~_:1etr1c/amperometric Cl-titrator 

Reagents: 

1. 

2. 

Saturating solution, 0.4N NaOAc-O.tN, NaCl, 60S ethanol, pH 8.2 solution: 
Combine 544.32 g of sodium acetate {NaOAc), 58.44 g of sodium chloride 
(NACl), and 6 liters of ethanol, and dilute to 10 liters with distilled 
water. Adjust the pH by stirring and dropwise addition of 6N sodium 
hydroxide (NaOH). Determine the Na/Cl ratio of this solution. 

Extracting solution, O.SN magnesium nitrate [Mg(N03)]: Weigh out 641.1 g 
of Mg(N03)2·6Hz0, and dilute to 10 liters. 



September 15, 1988 -2- 60251.00 

3. Suppresant solution for Na+: Add 6.358 g of lithium chloride (LiCl) and 
make to 1 liter in distilled water (0.15N). 

4. Nitric acid-acetic acid/polyvinyl alcohol (PYA): Dissolve 1.8 g of 
powdered PYA in 100 ml of demineralized water with heating and stirring, 
cool to room temperature. Add 6.4 ml of concnitric acid (HN03) and 100 
ml of glacial acetic acid to a 1-liter volumetric flask containing 600 ml 
of demineralized water, and mix thoroughly. Add the cooled PYA solution 
to the nitric acid-acetic acid solution, mix, cool, and make to volume 
with demineralized water. Store this nitric acid-acetic acid/PYA reagent 
in a tightly stoppered container at room temperature. This reagent is 
stable for at least 12 months • 

. ~ Procedure: 

Sample Preparation 

1. Weigh out samples of 4 to 5 g of air-dry son (correct to oven-dry 
moisture content as determined using a separate subsample), and place in 
centrifuge tube. 

2. Add 33 ml of saturating solution, stopper the tube, and shake for 5 min. 
Unstopper, and centrifuge at relative centrigual force of 1,000 until the 
supernatant liquid is clear (about 5 min). Oecan the supernatant liquid 
and discard. Add fresh saturating, solution, insert sonifier tip, and 
•sonify• for 10 to 30 sec to disperse sediment, then continue as above. 
Make four successive •equilibrations,• discarding the supernatant liquid 
each time. 

3. Add 33 ml of extracting solution, shake for 5 min, centrifuge until the 
supernatant liquid is clear, and decant the extracted solution into a 
100-ml volumetric flask. Repeat. the extraction steps two more times with 
fresh extracting solution, and make to volume. 

4. Determine Na+ (Nat) and cl-(Clt) in dilutions of this extracted solution 
using standards made up in the same batch of extracting solution. 
Chloride is determined so that the soluble Na+ (Nasol) carried over from 
the saturation step to the extraction step can be deducted from the total 
Nato obtain exchangeable Na+ (Naexch): 

CEC • (Nat - Nasol) = Nat - (Clt) (Na/Cl)sat sol 

Chloride Determination: 

5. Add 4 ml of nitric acid-acetic acid/PVA reagent together with a sample 
aliquot ((3 ml) to a titration vial. 

6. Position vial in the coulometric/amperometric titrator, immersing the 
electrode assembly into the solution. 



September 15, 1988 -3- 60251.00 

7. Zero the timer, and initiate automatic titration at low, medium, or high 
current setting. Note the titration times of blank, standards, and 
samples. 

Sodium Determination 

8. Add enough lithium chloride suppressant solution to sample, blank and 
standard aliquots to give lOS (by volume) 1n the final solution. 

9. Adjust the atomic absorption spectrometer controls and settings for 
sodium as recommended by the manufacturer. 

10. Calibrate the instrument with at least 4 Na standard solutions ranging 
~ from 0 to 1 meq/liter. 

11. Any dilutions should be made in such a way that the standards and 
'- unknowns have the same final Mg(NOJ}2 concentration. 

12. Record results in meq Na+/11ter of aspirated solution. 

Calculations: 

Cloride 

cl- 1n meq/11ter 
• (K) (Titration time of sample minus titration time of blank)/al.iquot 

where K is a standardization factor and aliquot is sample size 1n ml. 

K • (Volume of Cl- standard 1n ml) (Cone of Cl- standard 1n 
~ meq/liter/(titration time of standard minus blank). 

Sodium: 

Na+ meq/liter original sample 

• (meq Na+/liter in aspirated sample) x (analytical dilution factor} 

Cation Exchange Capacity: 

CEC in meq/100 g • (10/weight soil sample in g) 

[(Na concentration in meq/liter) (DFNa) - (Cl concentration in meq/liter) 

(DFcl) (NaCl)sat soll 

where OF represents the dilution factor, 1.e., (final analytical volume in 
milliliters)/(aliquot volume in milliliters). 

(jpl-602-47] 
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Scope and Application: 

GRAIN SIZE ANALYSIS OF SOIL 

This method is applicable to soil samples collected as 
part of the Muskego Sanitary landfill RI/fS. The 
Muskego site RI/FS is a PRP lead investigation • 

Method: Particle size analysis of soil. 

Reference: ASTM Methods 0421. and 0422 and 02217 (see attached). 

Detection limit: 

Sample Handling: 

2 percent by weight. 

Samples will be air dried at 6o•c upon receipt. After 
drying. the sample. or a representative portion of the 
sample. will be separated into fractions passing and 
retained on a 2mm sieve per ASTM Method D421 or D2217. 
The fractions will then be stored until analysis. 

Reagents and Apparatus: 

1. Balance (0.01 g sensitivity) 
2. Dispersion cup 
3. Hydrometer . 
4. Sedimentation cylinder . 
5. Thermometer (o.s·c· sensiti'vity) 
6. Sieves (see ASTM 0422 Section 3.6) 
7. Temperature controlled room (+1.C} 
8. 4S Sodium hexametaphosphate solution 

-""'.\ Reagent Preparation: 
. ....) 

The sodium hexametaphosphate solution is to have been prepared within 30 
days of use. · 

Procedures: 

1. The sample fraction greater than 2mm is fractioned by sieving using 
sieves and procedures as outlined in Section 6 of ASTM 0422. The sum 
of the masses of the sieved fractions should be within + 2 g of the 
original fraction mss. -

2. Determine the hygroscop;c moisture content of the less than 2mm 
fraction by drying a minimum 10 to 15 g subsample to constant weight 
at 110 plus or minus 5 degree C. 

3. Disperse a 50 g sample if the sample is primarily silt and clay or a 
100 g sample is primarily sand for one minute using a dispersion cup 
as outlined in Section 9 of ASTM 0422. 

GRAIN 
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4. Transfer the dispersed sample to a sedimentation cylinder. suspend the 
sample by successive inversions and record hydrometer readings after 
sedimentation times of 1, 2, 3, 6, 15. 60, 120. 300, 420 and 1440 
minutes. 

5. After hydrometer readings are complete, the hydrometer and hygroscopic 
moisture specimens are combined with the remaining PlO and RIO material 
for sieving. 

Reportab les: 

1. Submit all raw data including container tare weights. hydrometer 
readings (along with any correction factor associated with the 
hydrometer used) and temperatures • 

.. 
2. A data summary will be provided as described in Sections 17 and 18 of 

ASTM Method D422. 

Quality Control: 

1. Laboratory Duplicates will be run at a frequency of one per ten 
investigative samples and at least one per sample set. Duplicates 
should agree within 10 percent. 

2. If performance criteria for duplicates is exceeded, the Warzyn project 
manager (Mike Radcliffe. 608-273-Q440) should be notified as soon as 
possible so a determination regarding reanalysis can be made. 

KDF /OLN/RHW 

[KAW-7-26] GRAIN 
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Nurr. 9-0rhcr 111 1/tu 1cs1 procedure~ arc bcin& 

>rcp.rcd by ASTM Commiucc 0·11. 

9.2 The soil and rock invesli&ation should 
IIMi'l O( the _follow in& lleps. 
9.2.1 A review or all available information 

n the seolosic history and formation or rock, 
r $Oil. Or both, and JrOund•Witer conditions 
:currin& at the proposed location and in the 
1media1c vicinity. 
9.2.2 On·site invesaisation of the surface and 
hsurfac:e materials by either wash borlnss, 
•nl.l· or power·auser borinss, tcsl pits, rotary 
cable-tool (churn) drillins. and seophysical 

clhods. 
'J.2.2.1 A determination of the depths to wa· 
: table and firm foundation material, either 
d11'1Ck or ntisractory load-bcuin& soils. 
9.2.2.2 Field idenaification of soil and rock 
;>es wiah derth records of their occurrence, 
d location or their structural discontinuities. 
'1.2.2.3 The recovery or representative dis· 
·bed samples for laboratory clusirication 
u or soil, rock, and local construction mate· 
I. These should be supplemented by undls· 
rl\cd ~rccimens suitable ror the determination 
thnsc en~ineering properties pertincnlto the 
·c~tigation. 

U.J An evaluation or performance of edst• 
; inmllalions in the immediate vicinity or 
. rrnroscd sire. relative to their foundation 
.rerial and environment. 

Claulncatlon o( Material 

I 0.1 Treat samples or soils and rock submit· 
In the laboratory for identification and 

~~ilication tests in accordance with one or 
fnllowins: 

11.1.1 Tes1 Method D 2487. 
11.1.2 l'r:~cricc: 0 3282. 
11.1.) Dcscripaive Nomenclature C 294. 
~~ i~ a brief, useful description or the more 
1n10n minerals and rocks as they occur In 
urc. 

lntcrprctallon or Results 

l.t Interpret the results of an investi&ation 

-- ... ., - ... - , . . ··, 
1 • r i) Oft y In Ierma 0 ICIUIItindlnJS .r \make CYC1J 

crron to collect and include •IV and I•• 
ratory data from previous invc:sta&alions ill tl( 
1tmc area. Elltrapolation or data into Jed 
areas not aul'\'cycd and tested c:an be done Ollj 
where scolosically uniform subsurface clil~ 
sltion of soil and rock arc known to eli&. 
Ensineerin& propenies or the soils and ruti 
encountered on lmponanl projects should lit. 
be predicted wholly on ncld ldenllncatiOIII ~ 
classification but should be checked by 1•~. 
ratory and licld tc:sts made on samples colledel 
In accordance with 1.1 and 9.1. ·. 1~ 

11.2 The recommendations for dcsi&ll I"! 
ramcters can be made only by profess~ 
CnJinecrs or JeOIOJiStS who have apccializcd 
th~ field of soils and foundations or hl&h..j 
cnsineerins. and who arc familiar whh ~· 
problems for which lhc sludy Is bcln& ma~~t;· 
Soi.l mechanics, rock mechanics, and scoiiKif! 
pholo&ical concepts must be combined w~•• 
knowledsc or struclural or pavement ensiAccfi: 
in& in order to make a complete applicaliou(. 
the results or lhe soil and rock survey. A JIIOii: 
detailed study lhan thal envisioned by tWi' 
recommended practice may be necessary bclon· 
dcsi&n recommendations can be made . .'! . ·'t . ~; 
12. Report ·" 

12.1 A subsurface lnvestl&ation rc~ 
should: ~ 

12.1.1 Locale the area investl&atcd Cn tc~· 
peninenl to the project. This may lncb~ 
sketch maps or aerial photos on which thet~ 
holes, pits, and sample areas are loc~tcd, el 
well as toposraphic items relevant to the deter: 
mlnation of the various soil and rock type{ 
such u contours, streambeds. pol holc:s, cJir&,· 
etc. Where feasible, Include a aeoloslc map r1 
the aru lnveatl&ated In the report. ,; 

12.1.2 Include copies ofall borlnp and't~· 
hole loss and or all laboratory test resulu •.. ;: 

_12.1.) Describe and relate the lindinp ~ 
taaned un~er Sections 3, 4, S, and 6, usin& ,.,. 
subhead lilies for the respective sections. · 

.. .. ---. . 
Dealgnatlon: D 421-85 .. 

Standard Practice for 

1,}) 
~ 

DRY PREPARATION OF SOIL SAMPLES FOR PARTICLE· 
SIZE ANALYSIS AND DETERMINATION OF SOIL 
CONSTANTSt 

.. 
' . ........,,, iuucd vlldcr 1hc liacd dcslsn11i011 D 4Jt: IM 11v111hcr 1•-di.lctr r.ao.tna1M dnian••iOII illdit•tt• ehc ''"' o1 

..... IOioplioeo Of,lll tile ca• ol rcwilioa. IM ,cat fllllll rcwilioA. A •••bcr ill parc•1llnn llldialcalllc )'tat olta .. rc•""""•l 
JriiCfWflpl tPiiloll(t) llldicaln •• cdiiCNial clllnlf IInce tile 1111 rcwlsl011 Of ftJIIP'O"I. 

. (. .. 
~Stope .. 

· f.I.I.This practice covers the dry preparation 
:ehoiJ samples IS received from the field (or 
'f'ltlcle·size analysis and the determin:.tion or 
. ., toil constants. 

ble for break in& up the agreaotions or soil p:lr· 
tic:lcs. 

4.3 Sitt'ts-A series of sieves, of square mesh 
woven wire cloth, conformin& 10 Spec:irication 
E II. The sieves required are as follows: 

No. 4 (.US·mm) 
No. 10 (2.00-mm) 
No. 40 (42S..,m) 

4.4 Snm,Jtrr-A rime sampler or sample split· 
ter, ror quarterin&lhe samples. 

' 1.2 Tills slqndard may lnvolyt hatardutu nra· 
:ttrWs. t1ptrotlo11s, tmd tqlllpmtnt. Tills sttmdnrd 
.MInot p~rrporiiU adtlms oil o/tht sqfttJ'IIftlb
:)t,u 1SJotio1td 11"11/t liS liSt. Ills 1/1~ mpo~rslbil· 
·~., t1{ ts-b«rtr ltStS this sumdartllo consilii tmd 
:tJI•Nish •ppruprialt sqfrty ond hMith prtlttltts 
"t'..JirtmJJintthtnpp/ict~biliiJ'D/rt'fiiiDtoryllml· S. Samplln& , 
~~lttru prior 10 trst. ~.I Eaposc I he soil sample os received from 
~·:· the field to the air 11 room temperature until 
~1 AJPikahle Dotumenls · dried lhorouahly. Break up the agrc:ptions thor· 
~ ~11 ASTAI Slondords: ou&hly in lhe mortar with a rubbcr-t'overed pes· 
i.- DUI7 Practice for Wet Preparation or Soil lie. Sclccu representative sample orthumounl z·:. Samples for Particle-Size Analysis and De· required to perform the desired tests by 1he 
·:! lcrmination or Soil Constantsl method or quartcrina or by the usc or I sampler. 
~ .. ~· E 11 Spccifkation ror Wirc-Ooth Sieves ror The amounts or material (equired to perrorm the I Tntina Purposes' Individual tests arc as (ollows: 
.i. .S.I.I Pnrtltlt-SI:t Ana(t'Jis-Fonhe panicle· 
.:l. Slanlncanc:e 1nd Use size 1nalysls. material PASSin& 1 No. 10 (2.00. 
~ :u This practice can be used 10 prepare sam· mm) sieve Is required in amounts equollo II S 1 
. files tor partic:lc:·size and plasllcity tests where h or sandy soils and 6~ 1 or either silt or doy soils. 
'Ia cksired to delermine test values on air-dried S.l.2 T~Sis frw Stlil CtRUIDnts-For the rests 
·,Dmplcs. or where h is known thot air dryin& for soil conSlanlS. material passin& the No. 40 
:,._ nol have an efTect on test resulls relative 10 
,samples prepared in Dc:c:ordance with Practice 
,fU17. 
·~t Applratus 

.. U Dnlallc'f', sensitive to 0.1 I· 
}~ 4.2 Alurtor nml R11hhrr-Cn1"C'rN P~.fll~. suit a· 

1 T1Mt ,_.In lllllldrt aile jwiarlcll011 ol ASTM C"onuninC't 
0.11 .. Soil end Jlor• all4 It lhc 4irect rttpOAtillililp ol 
Subco111111illn 011.0) 011 Tcllvrc, P1111iti1p. 11111 Drfttilp C'llll· 
acttrillin ol Soil" 

('_ .. cditioft I~ Jvtr )6, lfiJ. "'!IIi~ 5cJIICIII• 
bcr ltU. Oftti..nr ,.,lllilllcd •• 0 421 • JJ T. u .. II"C•iwl 
colieiOII 0 411 • Jl (ltJSI'' • 

1 ,,,.,..,., ...... II( ASTAI ~. Vol Ot.OI. 
1A__, a...t fl/ ASTAI Sl~r. Vol 14.0!. 

)! • 
··!' ( 
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CSJ)I 0421 () . ·l~:· ~· @1 ( () . -
· · •:il! '( Oealgnadon: 0 422-13 (Reapproved 1172r' 

(42$-JJm) sieve is required In tolalamount of220 ond slevin1 free or all fine material, drj, •• ; t 
l. allocated as follows: wciah. Record this. mass as the mass or toanr ! 

Test Grams material: Sieve the coane material, aner bci~ ! · 
l.iquid limll 100 washed and dried, on the No.4 (4.7S-mm) sine 
Plastic limit 1 s and record the mass retained on the No. 4 sie'lt. 
C"entriruae mol11urc equivalent 10 
Volumelric shrinhac 30 7. Test Sample ror Partlelc·Size Analysis 
C'hcclt tcsiS 6S 

/j:: .. 
:~: 

7 .I Thorou&hlx mil toaether the fraeli011 V 
Standard Method for 

PARTICLE·SIZE ANALYSIS OF SOILS' 
Prtparatlon ofTcsl Sample 

t..l Sl!lcct that ponion or the air-dried sample 
de~·tcd for purpose or tests and record the mas.s 
s the mau or the total test sample uncorrected 
,, hyaroscopic moisture. Scpar.ue the test sam· 
·lc hy sicvina with a No. 10 (l.OO.mm) sieve. 
irind th:ll fraction retained on the No. 10 sieve 
n :1 monar with a rubber<overed pestle until 
he aurecations or soil panicles arc broken up 
ntn the separate &rains. Then separate the 
.round soil into two fractions by sievin& with 1 

passin& the No. 10 (2.00-mm) sieve in both siefo' fl.. 
ina opcntlons, and by the method of quaneri,.' 
or the usc or I sampler, select • portion wci·"iM: . ~ .... ~,It tuued .... , t~ llud ~tanatloa 0 422: .... IIUiftlllet I•IMIItltdr lollowf .. tile llletl .... tloa tlldlat• the rur-' 

i'' ·~ ~~~~ ldopl- Of, J• the taM el rnluon, tile rur ellut rcvir.ioft. A 11u111brr I• p&ftllthcMtllldiclta 1he rear o( lallrupproytl. 
approKimately II S 1 for sandy soils and approa/ ~ ..... nmpe c,.lloa C•) lnditetea •• editCINI tha•ac tl~~a lhc 1111 rc,fli011., ra..,o,... 

imately 6S 1 for silt and clay soil for partlcle·aix~ ·'11oT1-$cclloa J ... , adcled cditorianr 111d aubMqucnt aenlona rcaull\br!al i11lutr ttl4. 
analysis. · i i. 

~o. 10 sieve. · 
6.2 Wash that fraction retained aner the SCC· 

'\.! _., .... 
8. Test Sample ror Soli Constants ... !I. ~ope 

8.1 Separate the remainin& portion of the J; :
1
: 1.1 This method covers the quantitative de· 

terial pas.sin& the No. 10 (2.00.mm) sieve. Into' ~1rnnlnation or the distribution or panicle sizes 
two parts by means of a No. 40 (42S·pm) siM.~ .l.~joils. The distribution of particle sizes lar&er 
Discard the fraction retained on the No. 40 sine.~ ,.lhin 7S pm (retained on I he No. 200 sieve) is 
Usc the fraction passina the No. 40 sleve·ror lk' ·Cietcrmined by sievina, while the distribution of 
determination or the soil constants. I ~·i ~ji.nicle sizes smaller than 7S pm Is determined 

·.I' .Y 1 ledimenlatlon process, usln1 a hydrometer 
'i~ ''lo secure the necessary dlta (Notes I and 2). 

1/t,. A"ortio'•" .~ttr /ut TtJlllll alii /.latnl•lllutl 110 ,01ltiM lftprtflllf tilt ..ttjU1tflll1 ,.,, ,,.,l.,lttfrlla C'flltll«<l8! •J. • . 
. ;,,. ... ,. h,Y,. m('tlt~ '" tltiJII•IIII•'" Vm1 tftlll• Jl.,.htl .,,~,,11, 6hlltl ,,.., ltf_l,.,,_ _.,., Nltlhr tJ/ ••r ltd : Non 1-5cparadoll may be made 011 the No. 4 
.,,, . ., ,;11111. •tltl ,,., ,;,, t/111/rift'""'"' t1{ 1ucA '''""· ., '"'''"' tltrlt 011111 ,,,..,&/llrr. · ,.l IUS·mm). No. 40 (4ZS-pm). or No. 200 (7S11m) sieve 

• •1, lisltld orthe No. 10. For whatever sieve used, the sill 
u;, ,.,.1.,1 ;1 

,,,;m 
1
,, ,,..,,;,. •• .,; '''"' &1 ,,., ,,,,_,,w, ttrllt~lcal tottt"''""' att1 ,..u 6t ,,.,t'Nft,., fl.,,..,. •· .... be india ted In the report. 

r "'" ,.,..,"" t'irltrt ,,.,, •• "" Ill .;rAJ, ...... r- totttlfl"'ll ., '""''"' ,,,,.,., /ot ,,.,,loll tl ,,.,, MattJt!M, /ot Hrlilltttttl ••• N01'1 2-Two types or dispcnlon deYieCS art ptOo 
••nJn•J• .,j ''""''' rw •"'""" '" AST/11 lltodt',.""'· Your_,.,.,, will rrrrirt ta~dtJ f'IIIUIIttlll/ollel • _,,,, 11/*. tided: (I) a hlah·spced mechanical slimr, and (1) air 
""'"'''"'' ttrltttit•l ,_'"'""'· wit leA ,.,. ,..,.,,,;1, I/ 'lOW /m tltat ,,.., tottttnt'tlll ... ., IIlli rrrtl.,;la fait Atotllll 1" IW, ·~spcnlon. Ealenslve investiptions Indicate that air· 
'"''' """ ,;,..., "'"•" '"'"' ASTAI Ctltflm/11,., 011 SlaNI•rll. ,,, ~«t Sl~ fltllotltlpllla. fA 19101. ~~ .ilj)Crsion dnlcu produce a more poshiYe dlspcnion 

; • plutie soils below the l011m size and appreciably 
~.! ba dearadation on all sizes ~~then used with sanely aoitL 
I! l«aUSC or the deli nile ldYiftla~S rnorina lir dispcr• 

·I 
·, -.111 use Is recommended. The resutu from the two 
·;. ·'""" or deYiccs diacr In maanilude, depcndina upon 

~ ··:. Dl IJPI, leadina 10 IDirkcd diR'cnnca Ia panicle aize 
· ·. ·;, ~don, especially for dzu liner lhan 20 11m. . i , .... 

l..Appllcable Documents . -, ... 
·· i~ 2.1 ASTM Stt1ndard1: 
• t ,. 0421 Practice for Dry Preparation or Soil 

'1 I Samples ror Particle-Size Analysis and De· 
'i. r:· termination of Soil Constants1 

~ E II Specification for Wire-Cloth Sieves for 
1.·. :. Testina Purposes• 

•·. : 1 E 100 Specification for ASTM Hydrometers• .,. :-. ' ~·. 
i ~ Apparatus 

.a! ;:.3.1 Dalanct.r-A balance sensitive 10 0.01 1 
· i ~bwci&hin& the material passinaa No. 10 (2.00· 
: am) sieve, and a balance sensitive to 0.1 " or 

· ~ . fie mass of the sample to be wci&hed for wei&hina 
I 

the material retained on a No. 10 sieve. 
J.l Stlrrlnt Appdratu.r-Either apparatus A 

or 8 may be: used. 
3.2.1 Apparatus A shall consist of 1 n'echan• 

ically operated stinina device in which a suitably 
mounted electric motor ~urns a wniral shan at 
I speed or not less than 10 000 rptn without load. 
The shaft shall be equipped with a replaceable 
stirrina paddle made of melal, plastic, or hard 
rubber, as shown in Fia. 1. The shan shall be or 
such lcnath thai the stirrina paddle will operate 
not less than v. in. ( 19.0 mm) nor more than l'la 
ln. (31.1 mm) above the bon om or the dispersion 
cup. A special diSI)Crsiun cup cnnrorn•in& hi 

either or the desians shown in Fi". 2 Shllll be 
provided to hold the s:~mple while it is hclna 
dispersed. 

l.2.2 Apparatus 8 shall consist of an air-jet 
dispersion cup• (Note l) con(ormin& to the aen· 
eral details shown in Fi&. l (Notes 4 and ~). 

Non l-The amounl olair required by 111 air-jet 
dlspcnion cup is of the order oil R'/min: eome amall 
air COftiJiftUDn arc flOC cep~~blc of supplyina aunicic111 
air lo operate 1 cup • 

NOTI 4-Another air·lype dispcnion dcYke, 
known as a dispcraion lube, developed br C'llu and 
Dnideon at Iowa Sletc Collcae, hu been shown 10 aJwc 

• n1a tncthod b •lldct ahc Juritdlnloa e1 ASTM c-"';"" 
0.11 011 Soil end llod end is tile dinft mpoAJilltiliiF a/ 
Su~mittcc Dti.OJ 011 Tc•turc, Pla~~lritr. end Dc•Ji•r Clw· 
Ktcthdn el SollL 

C•rrcnl lditiOII .,..... .,..,, 21, IMJ. Olfelulr ,... 
tiahtolltJS. llrpl- 0 •22 • U 

I AIIIIMII ,_ ., .ASTAI St-'-11, Val 01.01. 
1 A1111wl IIIIIIA .( ASTM St_.,l,, Val t•.OL 
'A•llfMI ,_ .( AST/.1 St-'-11, Valt•.Ot. 
1 Dcteiled WOfllaa .,..;11&1 lot tllil "'' ere 1-'blllc II I 

-illll COli r,_ tiM A-.crk•• Socictr lot Tnli .. 111d M .. 
tcrills. ttl6 llact SL, hiladctphia. PA ltlOl. ar•r AdjcJ_. 
No. tlo404J~ 
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dromctcr U2H il is the difference between lhe 
rcndin& and zero. Brin& the liquid and the hy· 
dromcter to the other temperature to be used, 
and s,crurc the composite correction as before. 

II. ll)'arnscnplc Moisture 
II. I When the s.1mple is weiahed (or the hy· 

tlrnmctcr lest, wc:iah OUI In auxiliary portion of 
rrum 10 to IS 1 in a small metal or &lass con· 
taincr. dry the sample 10 a constant mass in an 
cwcn :n 230 ± 9"F (ItO :t S"C), and weiah aaain. 
Rl'cord the masses. 

9. Ohpcrslnn or Soli Sample 
Cl.l When the soil is mostly of the clay and sill 

~i1CS. wei&h OUI I sample or air-dry soil of 11)

IUO\imalc:ly SO J. When the soil is moslly und 
the SJmple should be appro•lmatc:ly 100 &· 

9.2 rlac:c: the sample in the lSO·mL beaker 
and cover wilh llS ml of sodium hexamela· 
phusphalc: solution (40 all). Stir until the soil is 
lhurouchly "'c:llcd. Allow 10 soak for at least 16 
h. • 

9.) AI the end or the soak ina period, disperse 
the SJmple fun her, usin& either stirrin& apparatus 
A or D. If stirrina appantus A is used, lra~srer 
lhc: soil ·water slurry from the beaker Into the 
s('ICrial dispersion cup shown in Fi&. 2, washin& 
:In)' residue: from the beaker into the cup with 
distilled or demineralized water (Note 9). Add 
distilled or dcminenlized water, if necessary, so 
lhal the cup is more than half full. Slir ror a 
('ICriod or I min. 

Nnn 9-A lorac tile syrlnsc Is 1 convenient device 
f11r handlinalhe wa1er In the washins opcr11ion. Other 
dt•·ires include the wash-water boule 1nd 1 hose with 
n11ulc connwrd 10 1 pressurized distilled water tank. · 

Q.ol If s1irrina apparatus B (FiJ. 3) Is used, 
rl'mm·c: the cover cap and connect the cup to • 
romprc:ss,cd air supply by means ora Nbber h9se. 
1\ :~ir caae must be on the line between the cup 
:1ntJ lhe conuol valve. Open the control valve so 
lhat the &aae indicates I _psi (7 kPa) pressure 
lNnlc: 10). Transrer the soil· water slurry from 
the beaker to the air-jet dispersion cup by wash· 
ing with distilled or demineralized water. Add 
di~tilled or demineralized water, if necessary, so 
lh:ll lhc: tolal volume in the cup is 2SO mL, but 
n11 more. 

NnTF, 10-The lnhial1lr preuure of I p~i Is required 
In l'revcnl I he soil· w11er miature from enlerina lhe 
eir·jcl ch1mhcr when the n1b1urc is tl'lnsrerred to the 
clisi'Cnion cup. 

9.5 Place ihe cover cllahe cup and ~ ·1110.4 After each readlna, tak~ temperature lion ractor. . 
the air control valve until the PIC pressure Ill ;·otlhc suspension by lnsertinathe thermometer. 14.2 Calculate the mus ora total sample rep. 
psi (1 40 kPa). Disperse the soil accordinato * :lllo the suspension. resented by the mus or soil used In the h .... tom· 
followina schedule: · • "' • •1; Sl A 1 1 etcr lest, by dlvidina the oven-dry mass used by 

Dhpcnloa PctW. · . • ne na r• s the percentaae passina the No. 10 (2.00-mm) 
Plasdcilr llldn "'il' :; ,1·: 11.1 A ncr _laklna the final hydrometer read· sieve, and mulliplyina the mull by 100. This 
~~~s 1: .·~ ~a.tnnsrcr lliesuspenslon to a No. 200 (75·JJm) value Is the wcial\1 tv in the equation ror per· 
o.cr JO IS .,~ line-and wash with liP Wiler until the WISh ccn111e remalnlnaln suspension. 

'#' 
1:~1cr Is cle~r. Transrcr the material on the No. 14.3 The perccntaae or soil rcmainina in au .. 

Soils containlnalarae pcrccntaaes or mlcallld !,~sieve 10 1 sui11ble container, dry In an oven pension at the level at which the h...trometcr is 
be dispersed for only I min. A ncr I he dispeniOi , .. . .II 2l0 :t 9'F (110 :t 5'C) and make a sieve measurina the "ensily or the suspen~on may be 
period, reduce the aaae pressure 10 I psi preJllt ·~lysis or the portion retained, uslna u many calculated u follows (Note 13): For hydrometer 
a tory IO transfer or soil • water slurry lo lhc d !,Jieves u desired, or required for lhc material, or I 5 I H: 
!mentation cylinder. :,J ,,,pon lhe specification oflhc material under lest. 

':'t I' 
10. llrdromctcr Test · . ·,_. ,; . c.ucuunoNs AND REroRT ' ,, .. '(,•. 

.10.1 lmmediatelyanerdispersi.on,transfcrGr 'JL Slue Analrsls Values Cor the Portion 
soli· water slurry.to. I he &lass se~•mcn~alion ~ ., 1 Coarur &hantht No. 10 (2.00-mm) Slue 
lnder, and add diStilled or dcm1ncrahzed wata l' · 
until the total volume is 1000 mL ·.. · 12.1 Cllculale the pen:enla&e passinathe No. 

10.2 Usinathe palm of the hand over the~ :IOsicve by dividinathe mus puslnathe No. 10 
end or the cylinder (or a rubber stopper In ak ;tim by the mw of soil oriainally split on the 
open end), turn the cylinder upside down a~ ',~ 10 sieve, and multiplyinathe result by 100. 
back' for a period or 1 min to complete Gr Jo obtain the mass passina the No. 10 sieve, 
aaitalion or theslurry (Note II). Allheend oll _lllblnctlhc mass retained on the No. 10 sieve 

, •1(100 000/W) x G/f.G- G1)J(~ - G,) 
NOTI IJ-Thc bnckrted ponion of the equation 

fot h,dromcttr I.S I tf ia constant tot aatries or readinsa 
and may be Cllculated lim and then multiplied by the 
ponlon in the Pltenlhcscs. 

For hydrometer I S2H: 
, • (RII/W) X 100 

where: 
11 • conecllon raction to be applied to the read-

min setlhe cylinder In a convcnien1loc11ion ii4 1om the oriaJnal mass. 
take hydrometer rcadinas at the followinaln~ i.: 12.2 To secure the total mass of\oil passina . 
VIIS or lime (measured from the beainnlna ~ .. ~No .... (4.7S·mm) sieve, add. to the mass or , 
sedimentation), or as many as may be necde( ,ltc mat~nal passlna the No. 10 s1cve them~ or 
dependina on the sample or the specilicati01" ~.fncuon pusln&lhe No.4 sieve and re1a1ncd 
the material under test: l, 5, IS, 30, 60, 250, Ul ,. the No. 10 sieve. To secure the total mus or R 
1440 min. If the controlled water bath Ia ute( .~ passinathe ~ln. (9.5-mm) sieve, add 10 the 

ina of hydrometer ISlH. (Valueuhown on 
the seale arc computed usinaa specific J11Y• 
iay or 2.65. Correction factors are Jiven in 
Table 1), 

• pen:enla&e or soil rcmalnina in suspension 
11 lhc level 11 which the hydrometer mea
sures lhe density or the suspension, 

the sedimentation cylinder should be p!accd,ii lOCal mass or soil passin~ lhe No. 4 sieve, the 
the balh between the 2· and 5·mln rcadlnp. ·.I :aass of the fraction pus•n&the 4\-ln. sieve and 

NOTI 11-Thc numberoftumadurfnathla ml~ ~ned on .the No.4 sieve. fot the remainlna 
should be 1pproalm11cly 60, counllnathe turn u~ \ICWCS. conttnue lhe catcula110ns In the same 
down 1nd bade u two aumL AnyiOil rem1inlnal• tk aanner. · 
bottom or the cylinder durina the lint few tumalholll i .12.3 To determine the Iota I pcrcentaae pass
be loose~ by Ylao~• shaklna or the C)'lindct Mi :ill ror each sieve, divide the total mus passin& 
ltls lnlhc lftYCned posulon. ! (xc 12.2) by the total mass or sample and mul· 

10.3 When h is desired to take a hydrom~ ..,, the resufl by 100. 
read in&, carefully insert I he hydrometer aboutli 
10 25 s before lhc eadin& is due to approaimaldj p. flnroscople Molslurt Corrtcllon Fador 

• hydrometer rudina with composite correc· 
lion apptiCd (Section 7), . · 

W • oven-dry mass or soil in a lotallnt sample 
reprcscnied by mass or soil dispersed (sec 
14.2),&. 

G • specific araviiy or the soil panicles, and 
G, • specific anvity or the liquid in which soil 

panicles are suspended. Use numerical 
value of one fn both instancn in lhc cqua· 
lion. In the lint instance any possible vari
ation produces no sianirteana cll'ect, and in 
the second Instance, the composite come· 
lion for R Is based on a value or one for G,. 

the depth It will .1ave when the read ina is taltcL 13.1 The hydroscoplc moisture correction rae· 
As soon as the readlna is taken, carefully rem~ w Is the ratio between 1he mass or the oven· IS. Diameter ol Soli r~rrldet 
the hydrometer and place i1 with a spin~ Wd sample and the air-dry m1ss before df}'ina. 
motion In l&raduale or clean distilled 0t demit- lis a number lw than one, caccpt when there 
eralized water. •· i no hnroseoplc moisture. 

Non 12-11 Is lmponantto remoYC the h,dromcw · 
immedillcly ancr uch readina. Reldinp shill be IIlia ll PereeniiiCI or Soli In Suspe•slon 
11 the top or the m~niSC\Is formed by t~e auspentlol :-·14.1 C1lculate the oven-dry mass or soil used 
around. the 11em, 11nrc It Is 1101 poUible to 1«11 11 the hydrometer analw' .,Y n•ulliplyina the 
readlnp lithe bollo the meniSC\Is. ·•· .:...1- -··· ........... _:.::1 :. __ 1_. •••• ---·-

I S.l The diameter or a panicle correspond ina 
to the pen:en111e lndicatcd by a &lvcn hydrome
ter re:tdin& shall be calculated accordina 10 
Stokes' law (Note 14), on the basis that 1 plrticlc 
of this diameter was 111he surf.ce of the suspen• 
sion II the bc&innin& or k-dimC"ntaliOn and had 
senlcd 10 the level ol which the hydrometer Ia 
_______ _! ___ .,, __ • ___ '! .. ___ ,._. - ' - .. 
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-nulu cqui .. alcnllo &hose Jea~Rd by ahc air-jet diaper· temperature, the water bath is not necessary'~~: ~ ... • ·Nominal DlaiiiCIU 
linn CUf'S. When il ;, uJCd, soakina· o( the sample tan 3.& Dtaktr-A beaker or 2$0-ml cap&CIIJ.; t.~.·~ ol'uiJCI( ,.,dcln. Ajlpl1laimall MiAIIIIulll 
'IC cl11nc in ahe scdimcnuaion cylindcr,lhua climinatina 3 9 .,.. 1 D · A h I .. ·.~ ";,, 11 1•· (lllm) Mua ol' Ponioa, I he need for lrarufcrrina ahe JJurty. When the air· · ~ lm nt ntet- wale or c OC:r. Whal r..: · " 1 (lM) lOOO 
lis(lCnion autJC is used, il t.hall be so inditatcd In the second hand. :.~ '.1 ,.., (ll.l) 3000 
1:por1. '·, j I · . 1 (SO.I) 4000 

Non .S-Waacr may condcruc In air lines when not 4." Dlsptnln& Aacnt ~j 
1 

J (16.2) ~ 
n usc. This ~Itt m~Ut be rcmo~ .cilhcr by \Uina a 4.1 A solution of sodium hcumetaph~ i $.1.2 The size of the ponion pwinathe No. 
vatcr arap on the air line, or by biOW1nathc waiCr out (someta'm- ,.alled'soda'um me••phosphatc) .~.. 0 • • ( h I. be' · ( ·'-- a'r "or di•-ion - " .. - .1 Sieve shall be approaamately 115 1 for undv 
' 

1 c •nc •ore usrna any 0 u"" 
1 

'' .....-·- · "-- u·-'ln da'sta'll..., or demlne· raJa'---' water, at·~· ' •urpo~ vw ~ ..., ~ ... IOib and approximately 6S & for silt and clay 
rate of 40 1 of sodium heumer.aphosphate/li~· ·lolls. · JJ II)'Ciromtttr-An ASTM hydrometer, 

.raduatcd to read in either specific anavity or the 
uspcnsion or arams per litre of suspension, and 
onformingto the rcquircmcnu for hydrometers 
~ 1 H or I.S2H in Spccilic:ations E 100. Dlmen~ 
ions of both hydrometc:nare the ume, the scale 
oe•ng the only item of difference. 

3.<4 Sedimentation Cylindtr-A &)w cylinder 
uc:ntially 18 in. (4$7 mm) in height and 2'h ln. 
~J . .S mm) in diameter, and marked for a volume 
r 1000 mL. The inside diameter shall be auch 
'~t lhe 1000-mL mark is 36 :t 2 cm from the 
nuom on the inside. 

J.5 Tllmnomct,•r-A thermometer accurate 
, I" r- (O..s'C). 
.l.fl SiCI'tS-A series or sieves, or square-mesh 

·ov~:n-wire cloth, con(ormina to the require· 
IC:niS or Speci!icaaion E I I. A full set of sieves 
1cludes the followin& (Note 6): 

).in. (7~·mm) No. tO (2.()().mm) 
2·in. ($0.mm) No. 20 (l$0.1'm) 
1'/a.in. {lU-mm) No. 40 (·C2S11ml 
1-in. m.o.mm) No. 60 (HO.iJm) 

I · v,.;n. (19.0·mm) No. 140 (106-iJm) 
I 'lo-in. (9.S·mm) No. 200 (7.S·iJm) 

No.4 (4.7S·mm) 

NnrF. 6-A SCI of siC\OU Ci,.in& uniform spacinc Of 
>inu for 1hc araph, u rcq11ircd in Scc1ion t7, may be 
..:d if l.lelired. Thilsct consilii o( the followina sieve~: 

J·in. P~·mm) No. 16 (l.ll·mm) 
1'/a-in. (lU·mm} No. )0 (600-pm) 
lf •• ;n. ( 19.0.mm) No. SO ()()().pm) 
lfo-in. (9.~-mm) No. 100 (t.SO.pm) 
No.4 (4.7.S·mm) No. 200 (7.S·pm) 
No. 8 (2.36-mm) 

.1. 7 I Vater Duth or Constant· Ttmptraturt 
oa111-A water bath or constant-tempenaturc 
~m for maintaining the soil suspension at a 
•nstant temperature durin& the hydrometer 
l:llysis. A satisrac\ory water tank is an insulated 
n~ that maintains the temperalure of the sus
~nsion at a convenient constanttempenalure at 
· nc:~r 68"F (20'C). Such a device is illustrated 
Fig. ol. In cases where the work is performed 

:1 ronn\ at an automatically contrlllled constant 

· or solution (Note 7). ..~~~ ':'S.2 Provision is made In Section $ of Practice 
Nan 1-sotutiona or thiJ &alt, 1r addle, a1owtj~~ "m for wciahin& or the air~ry soli selcc:ted for 

~rt or h)'dRIIyz.c back to the orthophosphate fona •• piiiJ)osc' of tesU, the separation of the soil on the 
a resultant decrease In dispcnive ac:lion. Solu.-· N 0 · t.hould be prcpand frequently (at least once a~ i'o. 1 Stcv.e by dry-slevina and washin&. tnd the 
or adjusted to pH or • or 9 by means or IOdiU wci&)lin& of the washed and dried fraction re· 
carbonate. Bottles contai :na aolutlona t.hould ll.ln 11!1' &lined on the No. 10 sieve. From these two 
dale or prc~':'tl.on mar ~.cd 0~ them. d{ Duscs the perccnliJCS rcr.ained and passin& the 

4.2 All water .used shall be either distill~~. 'ko. '10 sieve can be calculated in ac:c:ordanc:c 
demineralized water. The water for a hydrometer lh 12.1. · 
tes\ shall be brouahl to the temperature lh&t·~ ~Nan 1-A dl«k on the masa values and the thor· 
UpcCI~d IO prevail durin& the. hydrometet:.~ . IICII O( pulvcriutJon or lhc dods may be SCC\Ited 
For example, If the sedimentation cyllnd~~-11,, ., wcl&hlna the portio• pwlnf thc No. 10 sieve and 

h dl Ill-~ ~· ...anclhb value 10 &he mua o lhc wuhcd and oven• be placed In the walcr bath, l c st "" 01. ~; lrfed portion rer.alned on the No. 10 sieve. 
mineraliud water to be used shall be brou&)lfll 
the temperature oflhe controlled water bath;!.· SIEVE ANALYSIS OF PORnON RETAINED 
if the sedimentation cylinder is used In a ro0,· '· ON NO. 10 (2.00-aua) SIEVE 
with controlled temperature, the water for. II( '- Procedure 
test shall be at the temperature of the room. Tlat · 
basic temperature for the hydrometer test is 61'f f~6.1. Separate the ponlon re&ained on the No. 
(20'C), Small variations or temperature do ~ .10(2.00-mm) sieve into I series offnactions usina 
inlroduce differences that are or practical siaaif 'jbc 3-ln. (7$.mm), 2-in. (SO.mm), Jlh-in. (37 .$· 
icancc and do not prevent the use ofcorrectioGI •m~ l-in. (2$.0-mm), .v •• in. (19.0.mm), 'la-in. 
derived as prescribed. '·:;j. !(9.S.mm), No • .C (4.7.5-mm), and No. 10 sieves, 

... · ., 'or u'inany as may be needed dependina on the 
S. Test Sample .. ';~: ample, or upon the specifications for the mate• 

$.1 Prepare the test sample for mechanq P.aJ under lesl. . 
analysis as outlined in Practice D -421. DuriiC' ~U Conduct the slevina operation by means 
the preparation procedure the umple is div_idcl ,I lateral and vcnical motion of the sieve, 
into two ponions. One ponion contains onli .i:ompanied by a jarrina action In order to keep 
panicles retained on the No. 10 (2.00-mm) sic-4' '-sample movina continuously over the surface 
while the other ponlon contains only panidti irihe sieve. In no case tum or manipulate fraa· 
passinathe No. 10 sieve. The mass or air-dricl ·lit111S in the sample throu&h the sieve by hand. 
soil selected for purpose of tests, as prescribed li .'tOatinue slevlna until not more than I mass ,. 
Practice 0 <421, shall be sufficient to yield QUI~ iflhc residue on a sieve passes that sieve durina 
tities for mechanical analysis IS follows: ,. J 'ailn or slevina. When mechanical sievina Is 

.S.I.I The sizc of the ponion retain'cd cin Ill( ·.~ test &he thorou&hncss of sievina by usina 
No. 10 sieve shall depend on the maximum sbf klland method ofsievina as described above. 
of panicle, accordinato the followina sch~u~j .• ~ U Determin~ the mass or ca~h fnaction on 1 

Nominal Diameter ol' ' .1 .. ( \ila~ conformana 10 the requ.rements of 3.1. 
Larae~~ Panicle&. APtwoalmatc M!al•.e: P..,t.he end of wei&hin~ the sum of the masses 

. ln. (mm) Masa ol' ron~.f.,t~ · f'l•ncd on all the Steves used should equal 
• ~(t.J) JOO •·"I'·• Closely the original mass of the quantity sieved. 

... (19.0) 1000 t ~· 

. - __ , 
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IIYDROMETER ANO SIEVE ANAI.YSIS OF 
I'OR'rtON PASSING Til£ NO. 10 (1.00·111•) 

SIEVE 

7. Determination· of Composllc Correction lor 
Hydrometer Readlna 

7.1 Equations for perccntaaes or soil remain· 
in& in suspension, as &iven in 14.), are based on 
the usc of distilled or demineralized waaer. A 
dispersina aaent ia used in the water, however, 
and the specific gravity or the resultinaliquid is 
appreciably areatcr than Jhat or distilled or de· 
mineraliz.ed wa&er. 

7 .1.1 Both soil hydrometers arc calibrated at 
68"F (20"C), and variations in temperature from 
this sr.andard temperature produce inaccuracies 
in the actual hydrometer rcadina,s. The amount 
of the inaccuracy Increases u \he variation (rom 
the standard temperature increases. 

7.1.2 Hydrometers Ire araduated by lhe man· 
ufacturer \0 be read II the bonom of the menis
cus formed by the liquid on the slem. Since it is 
not possible to secure readina,s of soil suspensions 
II the bollom O( the meniscus, readina,s must be 
taken 11 the lop and a C:OrTection applied. 

7.1.3 The net amount or the com:ctions for 
the three items enumerated is desianated u the 
composite C:OI'Tection, and may be determined 
uperimenr.ally. 

7.2 For convenience, a gnaph or table of com· 
posite corrections for I series of I" tcmpcna\ure 
differences for the ranae of expected test temper· 
atures may be prepared and used u needed. 
Measurement of the composite corTecaions may 
be made II tWO temperatures span nina the ran&c 
o(upected test temperatures, and corrections ror 
the intermediate temperatures calculated assum· 
Ina a strai&ht·line Rlllionshlp between the Jwo 
observed values. 

7.3 Prepare 1000 ml of liquid composed of 
distilled or demincralilcd water and dispersina 
aaent in the same proportion u will prevail in 
the $Cdimenr.ation (h~rometer) test. Place the 
liquid In a sedimcnr.ation cyc:lindcr and the cyl· 
inder in the c:onsr.anl-lemperature water bath, sea 
for one or&he lwo lcmperaturcs to be used. When 
the temperature or the liquid becomes c:onslanl, 
insert the hydrometer, and, aner I shorl interval 
to permit the hydrometer to come to the temper· 
lture of the liquid, read the hydrometer II the 
top of the meniscus formed on the stem. For 
hydron\eter I 51 H the composite corrcc:tion is the 
dirfcrcnce between this readin& and one: for hv· 
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~·.r' ;·, ~· t: '. ·. . . 
int. II) Stokes' law: 

n • .ti""'p~on"""/9"""&~0(,-:G--'""'a"",>,...J -x..,.u"""'r 

/) -diameter or particle, mm, 
" - coefficient or viscosity or the suspend Ina 

medium (in this case water) in poises (varies 
with changes in lempcr:lture o( the SUS• 

pcndina medium), 
I. • distance from the surface of the suspension 

10 the level II which the density of the 
suspension is bc:in& measured, em. (For a 
ci,·cn h)'drometer and sedimentation cyJ. 
imler. values vary accordinato the hydrom· 
\'ler rcadinss. This distance is known as 
ell'cctive depth (Table 2)), 

• interval of time from beainnin& o(sedimcn· 
I a lion \0 I he \a kina or the read ina, min, 

• specific: aravity or soil particles, and 
;, • ~~ciric gravity (relative density) or sus

llCndin& medium (value may be used u 
1.000 for nil practical purposes). 

Nnrr 1-1-Sincc Stokes' law considcn a he terminal 
~r. ... ·it)· nr • sin ale: sphere rallina in an innnhy orliquid, 

lito:s c~lcut~tcd represent lhe diameter or spheres 
'"'uld f;~llat the: same rate as the soil paniclcL 

.·. ~~ VCI 
fnaction that would have been retained oa -~ . ·No!' 16-Tbb llbuladon or &raph tepmellta the · (4) Oay slat, smaller thall o.oos mm ..... 11. 
No I 0 sieve had It not been removed This ... .:. ~tiCNI or \he aamplc tested. lr panidca ll11er thall Colloids, smaller than 0.00 I mm . . . . . 11. 
• • • ~ talc con11lned In the aamplc were remowd bcrore 
as equal to the total percentaae retained oa II( •1o the report shall to 11111 aJYina the amount and 11.4 For materials rnr which compliance with 
No. 10 sieve (I 00 minus total perccntaae pwl~ ~um size. . delinhe spec:ilic:ations is not indicated and when 
times the mass or lhe 10111 sample reprc$c~ , the soil conlains material reuained on the No. 4 
by the mass or soil used (as calculated in 1~ · ,ll •• 2 for mate~als tested ror compliance whh sieve suR"&c:ient to require a sieve anaiY~i' on that 

' and the result divided by 100. . •. !If: ilmnate speclli~taons. the fractions called for In portion, the resulls may he reponed as (ulluwa 
16.2 Calculate nexlthe total mw pwina~ ida IPC'Ific:auons shall be reported, The rrac· (Note 17): 

No. 200 sieve. Add toaether the rnactlonal fiWII ~smaller than the No. 10 sieve shall be read 

retained on all the sieves. lnc:Judlnathe No.'~ '.-11 ~he~arapht rf 1 (I hi h I' · h 
sieve, and subtract this sum (rom the mass oldC · : .-or ~· e 1 1 or w c ~omp aance WII 
total sample (as calculated In 1 4.2). . •. ~i/1 .ilcfina~e spealic:atlonsls not lnd~c:atcd and ":hen 

16.3 Calculate nut the total masses wl die ~ails composed almost ent~rely or partacles 

r · 1 • ~ " 'pw~na the No. 4 (4.75-mm) saevc, the results 
each ~ th~ other 11evcs, n 1 manner samtlar.~ _ .. (J the' ra h may be reponed as follows: 
that &•ven tn 12.2. :; ·- rom I P • 16.4 Calculate last the total percentasca pa» II) Oravel, paulna 3-ln. and re11lned on 
in& by dividinathe 'tal mass passina (u catrt 1 No.4 sieve 
lated in 16.3) by Lc total mass or sample 1• 11) Sand, pwina Ho. 4 sieve and n· 

•• · &alncd on No. 200 llcve 
calculated in 14.2}, and multiply the result 1lr {. •"(•) Coarse sand, paulna Ho. 4slevt 
',100. '.1 ~ ., and retained on Ho. 10 sieve 

17. Graph (6) Medium aand, paulna No. 10 
sieve and retained on No. 40 

17 .I When the hydromeh:r analysis is pG: sieve 
formed, a araph or the test results shall be m~ • (r) ~:d :~~~=n~:.2~0s1~!cvc • . • . . ,. 
pion ina the diameters of the particles on a lop. &I) Sill size, 0.074 to o.oos mm ,. 

Sieve Slu 
J.ln. 

.l•ill. 
1'11-in. 
l·ln. 
lfo-in. 
V..in. 
No.4 (4.7S·mm) 
No. 10 (2.00-mm) 
No. 40 (42S11m) 
No. 200 (U·pm) 

SIEVI ANAI.YSI' 

IIYoaownfl ANALYSIS 

0.074 mm 
O.OOS mm 
0.001 mm 

rcrccniiiC 
l'auina 

Non 17-No. I (2.36-mm) and No. SO (300-pm) 
sieves may be subslltuled (or No. 10 and No. 4U sicvcL 

rithmic: scale as the abscissa and the pcrcenta&ei 
the 1maller than the correspondina diameters to u 

arithmetic scale as the ordinate. When the ·~ 
drometer analysis Is nol made on a portion d J 
the soil, the preponation or the ll'liPh is oplioaul, ~ 
since values may be secured directly (rom tabt
lated data. · l 

I ~.2 For con,·cnience in calculations 
h1m: equation may be wrillen IS rollowa: 

D • K./fit 

:h\·r.:: 
: • con~tant depcndina on the temperature or 

the suspension and the specific aravity or 
I he soil particles. Values or K for I ranae or 
h:mpcrillurcs ilnd specific ltl\'ities arc aiven 
in T:~blc 3. The \'alue of K does not change 
for a series or readinss constitutin& a test, 
while vnlucs of Land T do vary. 

~ ~ .. 1 Values of D may be computed with su(. 
ri~·na accuracy, usina an ordinary JO·in. slide 
til!. 

N•m IS-The \"aluc of Lis divided by Tusina the 
• an.J 11-scaln, the square: root bcina indicated on the 
·!lol.·~lr. Without asccnaininathc value of the square 
•" 11 m;ar he ntuhiplic:d by A.", usina either lhc C· or 
l·~io.·alr. 

;, Sine: ,\nal)·sls \'a.lues for Portion Finer than 
Nn. 10 (2.00-mm) Slen 

lfl.l Calculation or pcrcentaaes pnssina the 
1riuus SiC\'eS used in sicvin&thc portion Of the 
lliJ'I~· fron1 the hydrometer test involves several 
:p~. 'fhe rirsl step is lo calculate I he milss or I he 

18. Report 
18.1 The report shall Include the followlna: 
18.1.1 Maximum size of particles, 
18.1.2 Percc:ntaae passina (or retained 01) · 

each sieve, which may be tabulated or presented 
by plouin& on aaraph (Note 16), 

18.1.3 Description or sand and aravel Plfti. 
cles: · : 

18.1.3.1 Shope:-rounded or anaulor, 
18.1.3.2 Hardness-hard and durable, son, or 

weathered and friable, 
18.1.4 Spec:ilie aravity, If unusually hi&h or 

low, 
18.1.5 Any difficulty in dispcrsin&lhe (rac:tioa 

passinathe No. 10 f'.()()..mm) sieve, lndic:atilll 
any c:hanac in type and amount or dispersina 
aaent, and 
= 18.1.6 The dispcrsio .. device used and the 
lenath or the dlspcrsio;.. iod. ( 



- rAa, .... ' I"IIMt oll.."ontetlool Foetor, •, Cw DIITtniiC ~ . Sp«lt'c Crarlrlrt el Soli hnlclcaA 
S,-«i(IC G~v/ry Cotn>etlon fACtor' 

1.9) 0.94 
2.90 o.u 
1.U 0.96 
HO 0.97 1.7) 0.91 1.70 0.99 2.6) 1.00 

l.60 1.01 2.)) 1.02 uo 1.0) 
2.4) I. OJ 

• r,.., uoc in cquarion f01 paunu,& ol aoil rrmalnlna Ia '"'f'tn•ion ... lien ur.ina ll)'dromC'Icr IS211. 

l'AII.F. l Vohon el [Shed .. Dcpr~ Ja .... •llf4r-ltr oool Sf.II~Mttlolloe Cylllo4cf oC Sptdllc4 Slid" 
II ydromdcr IS Ill H)'dromC'Icr U1H 

AC1ual AC1ual Artual 
EITccd~ llr- EITec· ,,. EJI'oc-llydrom· 
0cp!h, drom• II~ drom• ,, ... 

tier Cl<l' [)cplh, Clct DtJAA, llr~ina L.cr~~ A tad· L.cr~~ I\ tad· I.. em 
in& Ina 

1.00'1 16.l 0 16.) )I 11.2 1001 16.0 I 16.1 l1 11.1 1.002 IU 2 16.0 n 10.9 1.00) IU ) IU )4 10.7 1.1'.04 11.2 4 IU Jj 10.6 1.o:u 11.0 ) IJ.J 

1.0011 14.7 6 IS.) )6 10.4 1.007 14.4 7 IS.l )7 10.1 1.001 14.1 I IJ.O Jl 10.1 1.009 1).9 ' IU )9 9.9 1.010 1).7 10 14.7 4() 9.7 

lOll IH II IU 41 9,6 1.012 I l.l ll IU 41 9.4 I ()I J 12.9 ll IU 4) u 1.01 c 12.6 I C 14.0 44 9.1 1.01, 12.) IS Ill 4S u 
1.016 ll.l 16 1),7 46 1.1 1.017 11.1 17 ll.J 47 1.6 1.011 II.S II llJ 41 1.4 
1.01~ II.) 19 Ill 49 a.) 1.020 11.0 20 ll.O )0 1.1 

I.Oll 10.7 21 12.9 Jl 7.9 I OH IO.J 22 12.7 Jl 7.1 1.02) 10.2 21 IU Jl 7.6 1.024 10.0 2C 12.4 H 7.4 1.02) 9.7 2) 12.2 H 7.) 

1.026 9.4 26 12.0 " 7.1 1.027 9.2 21 11.9 J7 7,0 I.Oll a.9 21 11.1 " 6.1 I 029 1.6 29 IU J9 6.6 JO}() 1.4 .10 11.4 6() 6.S 

TAi 
!' ~ .. 

TAll.! J 

( ~ . ~~~ 0422 
Val ... .t• fol U~ l.utiM fw Co•patlal Dla-ltt el Particle lallr4r-ttr A""lrolo 

-(l ... If ydrome1rr I Jill '( -meter ISl II 
'·" AC111&1 Actual ''I"' 

~l~~~pc~lurr, --:--:7"--:-:-:~--:"':'7--S-:ped:-:-::-llt-O_,_a_YI~ty7oi::--Soi-·I_P_a-:n-ic_lct __ ~------~ 'C l.4J 1.)0 J.S) 2.60 us 2.70 us uo 

AC1ual 
Ell'cctivt Hy. EITcc· lly· u.. tlydrom• Ocpch. drom· ""' drom• ,,,, 

tier cltr Depth, C1Cf ~·· Radin& L.em Read; L.em A cad· L.ca' Ina Ina .. I~ 
1.011 1.1 ·;.·~ 
I.Oll 7.1 •If\~ I.Oll 7.6 

-·~~ 1.0}4 7.) .. :1! I.OlJ 7.0 
··{J' 1.0>6 u 

.I.Ol7 u . ,·., 1.0)1 6.l ,.:;:1 
4 Valua o1 ciTCCIIw dcPih arw cakulalcd from lllc llqlil6l 

L- r... + Ya IL•- (VolA)) ..• ~~ ..ti&I'C 
If L • cll'ocli ... dcpcll, em, • . · ;~ f..t • di.UIICC Ilona lhc IICIII ollllc h)"dtome1Ct (~ lk ~ · ollllc bulb 10 the mat\ f« a hydromcur radlft&. a.:; Lt • ow~lllcnclh ol111C hfdromctcr bulb, Clll, ·· > v • • YOivmc or llydromcler bulb,""'· and ) A • cr-ICCIIonalaru oliCidlmcnladon cylln6cr, eta' ~ Valua uiCid in alculollnalhc nlua In Table 2 orw u ~ For bolh hydromclcn, IJIH and IS211: ~~ 1 La • 14.o Cftl 
;~ _,._. • Y1 • 67.0 em1 

. ~ A • 27.1 cm1 
:f .:. For ll)drommr IS llf: 
· .. ~ ~ L. • IO.Jcm for uudina ol 1.000 :I ·j. • Ucmfourradit~&oii.Oll .'l.; '· For hydromclcr IS2H: 

L. • 10., em f011 rradi111 oiO 11\hrw · •· • 2.) e111 (01 I rradina oi ~ aJiilN 

. ' 
~ 

,•j 

·.:j 

16 
11 
II 
It 
20 

21 
H 
1) 
14 
Jj 

26 
27 
21 
lt 
lO 

O.OIJIO O.OI)OS 0.01411 0.014J1 0.014H 0.01414 0.01)94 O.OilH 
O.OUII O.OIH6 0.01461 0.01439 0.01417 0.01)9( 0.01)76 0.01))6 0.01491 0.01467 0.01441 0.01421 0.01)99 0.01)71 O.OI)J9 O.OIJJV 
0.01474 0.01449 0.0141S 0.0140) O.OilU O.OIJ61 O.Oil42 0.1)2J 0.014}6 0.014)1 0.01401 0.01)16 O.Oil6S o.oucc O.OillS 0.01.107 0.014lC 0.014U 0.01)91 0.01)69 0.01 HI O.Oilll 0.01)09 0.01291 0.01411 0.01)97 0.01)74 O.OI)J) o.oun O.Oil12 0.01294 0.01276 0.01404 0.01 Jll O.OI)SI 0.01))7 O.OIJU 0.01297 0.01279 0.01261 O.OI)U 0.01)6) 0.01)42 O.Oilll 0.01.)01 0.01211 0.01264 0.01246 O.OIJ12 0.01)49 0.01)27 0.01306 0.01216 0.01267 0.01249 0.012)2 

O.OI)J7 O.Oill4 0.01)12 0.01291 0.01272 O.OI2Sl O.OillJ 0.01211 0.01341 0.01319 0.01297 0.01277 0.011)1 0.01219 0.01221 0.0121M 0.01)27 ol.Oil04 0.0111) 0.01164 0.01244 O.OilH 0.01101 0.01191 O.OUil 0.01190 0.01269 0.01149 o.oruo 0.01212 0.0119J 0.01171 0.01291 0.01176 O.Oil$6 O.Oill6 0.01217 0.01199 O.OIIIJ O.OIIU 

Lp I~ IS \ 

-c;;o.l8 8W Co • 0.049" 

Puneh • 
0.203" .i 0.001 

(o) 
(b) 

Mtlrlc £4•h•k•ll 
ln. 0.001 0.049 0.20J y, .... mm 0.0) 1.24 S.l6 12.7 19.0 

FIC. I Detail •f Stlrrlna Pa441n 

us 
O.OI)S6 
DO Ill& 
OOIUI 
O.UilOS 
0.01219 

O.OIJ7l 
O.OIHI 
0.0114) 
0.01229 
0.0121J 

0.01201 
0.01111 
0.0117J 
0.01162 
0.01149 





, . .,,,rnr. Rcdurrion or moislurc con rena may be 
;•,Tmnplished :~s follows: by exposure 10 air al 
••nlinary room tcmperaiUre, by huting in an 
on·n 11 a rempcralure nor exceeding 2JO'F 
I 110'('), hy hoiling, by lilrering on a Bilchner 
fuuul'l. nr hy u~ o( filler candles. During evap. 
uratic1n anti cooling, stir the ~mplc onen enough 
to pr~·vcnt o,·crdrying of the fringes and soil 

.} 
' ( .. ":· 

pmnacles on lhL lac( . ,1>01 the heated sa. Oealgnatlon:( J25(;·· J (Rtapproved 1il1)'1 

"""--" 
IO normal room tem~ure before lcslina.r. 

·soil samples containing soluble salu, 111 
mer hod ofwarer reducrion that will not elimial 
the soluble SAlts from rhe lest sample. ProiCCI• 
prepared sample in a suirable con1ainer · 
runher drying unlil all required lesrs have 
performed. . Standard Test Method for 

"·i 
. . . ~ 
I lor .lmrrt.-n" J,.·,rfr/o" Tntl~t•~tl MlltlfltJIJ ttJictS 110 pomiiJII Ulf'«'i~t til~ .. 1/Jityof 11111 ptltt'ltl riJIIIIIIlltrtl'flltt ~ 

"'''' ,,,.. ,,.,., mrnti11•tt'fl i11tlti1 1t1111JIIrtl. U1rr1 n/tAil J/llrtdtlrtl lift tlpt"tiJI}' 11Jrlsttl tltut tltt"tiiiMIIIJII nf tilt rt~lltlity t( •1• 
'"'•'''' ritht.c. mcJ th~ ti1l nf ilt/ri~ttmtfl/ uf w(.\ t11lt1J. lltt (111/rny tlttit o•"ll ftl{lltttsibility. • ~t 

CAPILLARY-MOISTURE RELATIONSHIPS FOR COARSE· 

AND MEDIUM· TEXTURED SOILS BY POROUS-PLATE 
APPARATUS' 

· ·~ ~ .. IIC!Ard .b.lsaued 11nclc1the liard dnla11atloft D ll2J; the •umber lmiiiCtdiatciJ followi111the daianatioft indicaaa 111c ,u~ o1 
/t.,. tlnrtclnrrl ,, mhj('(llfl ft'Plfllltl Ill,,,'''"~ ltr tAt lti(ICfUihl~ 1~1111/ro/ n>mmltlff llfld MIIJI/w ttri~ "'"'' Jlrt,..;. .., ... adopciOa Of,ln the UK or rcvhJoft, the .,at o( lui rt>'itloa. A Dumber In p.tCDihaa lndicata the JCU o/ lui I'UIIt)rOYal 

" .... ··~·; .• .,./. ritArr ""I'I"'"'N "' o·ltNiru'fl. Your """'"~nit 1rt lrtrltl'fl titAtr Jot ttr/Jitttt of tAl• J/ortdan/ ttt .{tx ..,._ A lfiiCI'Cript cpoilon (o) Indicates an editorial ch.anac tlncc the lui rt>'!IIOII or rullt)rOnJ. ' 
••·••k/,,of, """ '"""/J 1><- oti.Jrrurtl 111 AST~f lltodq11411trL y...., tontmmll •ill ttffl~ tllr(/"1 mtuiJC'rlltiM tJI 11 m«tl"' {Ae~· --:--:~:---:-:--:--:-~--:--::--:-:----.!.' -----....,------------
• ,.,,...,.,,.,, 1n·h•ical '""''";""· •-ltlr4 '""' moy o11tNf. 1/ >,;.f<TitAal ,_ tcl•nmtllll 4••t 1101 t«tlrnl •f•ir lltiiTI"' ,.,.. • t~an-Staloft l wu added odi1orially and editorial cha11~ wert "'tdc throvsJ>out 111 Oaobcr t9U . 
..,,,,. '""' r/,...1 ,,, • ., ttttlor AST/ol c-m/1u~ 011 Stlltttlarth /P/4 A act St., fhlloJI'Ipltl•. fA IPIOJ. • ·; 
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·1.1 This test method covenlhe determination 
~·capillary-moisture relationships for coarse· 
i.nd medium-textured soils as indicated by the 
joil:moisturc rension relations for tensions be· 
tt.un 10 ana 101 kPa (0.1 and I atm). Under 

.equilibrium conditions, moislurc tension is de· 
·6Aetf IS lhe equivalent neplive IA&e pressure, or 
IUCiion, correspondinato a soil moisture content. 

·This test method determines the equilibrium 
11oisturc content retained In a soil subjected to 
1 Jiven soil-water lension. This lest method is 
101 sui1able for very line-lex lured soils. 

Norr 1-for derermlnallon o( capillary-moisture 
l!lalioMhlps for finc·IUiured soils, rcrcr to Tc" 
.lcllaod 0 3 m. 

;: 

'L Applicable Documents 
'·i 1.1 ASTM Standards: 
. 0421 Practice for Dry Preparalion of Soil 
• , Samples for Particle-Size Analysis and De· 

terminal ion or Soil Constants2 

.~· 0698 Test Methods (or Moisture-Densily Rt· 
lations of Soils and Soii·Auregate Mixtures 
Usin& 5.5-lb (2.49-kg) Rammer and 12-in. 

. r (305-mm) Drop2 

!: 03152 Test Method for Capillary Moislure 
n ! Relationships for Fine-Tulured Soils by 

Pressure-Membrane Apparatus2 

~. 

)). Summary or Method 
1(: l.l Saturated soil samples are placed in con· ... ~ l\ld with a salurated porous plale inslllled within 

·r I pressure chamber. The boll om or each plate is 

WUOJW r 

covered by a rubber membrahe, or otherwise 
sealed to be airtiaht. The boll om or cach plate is 
mainlained llllmosphcric pressure by mcans or 
a small drain lube or opening ahrouJ)l tfle side 
or the pressure chamber. A desired air pressure 
admitted 10 the pressure chamber, and conse· 
quenlly IO lhe lOp of lhe porous pi ale, Creates I 

pressure drop across the porous plale. The salu· 
rated soil samples on the plates establish equilib
rium with the water in the plate. The waler, held 
ala tension less than the pressure drop across the 
porous plate, will then move out or the soil, 
lhrough the plate, and out through the drain tube. 
When water has ceased to Oow from the umple 
and porous plate, (indialing equilibrium for thai 
panicular 1cnsion), the muisturc content or each 
sample is determined. A series of lhese tests 11 
various tensions is required to prepare a complcle 
curve or the capillary-moislure relationship for 
any panicular soil . 

.C. Apparalus 
4.1 An assembly or the app3111IU$ is shown in 

Fig. I. 
4.1.1 Porous Plait Apparatus. consiSiina of 

1he following: 
4.1.1.1 Prruurr Cuntuinu. (such u 1 prc:uure 

cooL:er), of approaimalcly I S·l. ( 16-ql) capacily. 

I This ttll method t. under the juoito.li<'liOII o/ ASTM c-. 
mill« 0.11•" SeMI olkl Ro.:k alkl ia the c.liran rnponubilitr o/ 
Subo:ommiucc 011.~ 011 ll)'flrulosic l'rorcniu o/ $Gila aa.l 
Ro.:h. 

Current edition ll'fi'Ond ScJN. 11, 1961. Oriti••Hr IUMol 
u 1.> HU • •• T. l..a" JN .. Ioooa .UitM>a 0 UJS • '-4 T. 

1 .4"11uul llc•.A: o{ AS"fAI S,,,J,r.Jt. Vol ~.01. 
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./, ,\ppurutus 

-1. I llttlmwc•. sensitive to 0.1 g. 
-l.~ ,1/orwr am/ Rubbc•r-Cul'tm'd Prstlc-, suila-

hl,· li1r hrcaling up the aggregations of soil par
ti~·ks. 

·U .\'h•t·r.t. No. 10 (2.00-mm) and No. 40 
1-l ~~·rrm), ofsquilrc mesh wovcn.wire cloth, con
lill·minc to Specification E II. 

•1.-f Srllllfllt·r-A riffie s:~mpler or ~mple split· 
ta fnr qu:~ncring the ~mples. 

-l .\ /)r,l'iiiJ.: .·lpprtrttllt.r-Thermostatically 
.-.. nlrtllh:d drying oven for usc :11 I 40'F (60'C) or 
l•d11w ;~nd at ~JO'F (II O'C), infrared l:.mps; air 
dria: 11r tllhcr suitable device for drying ~mples. 

·U• Fiftc·r {-'mmrls or Candh·s-Oiichner fun
u,·h Ill in. (2~4 mm) in diilmcter and lilter p:~per 
11r lilt.:r candles. 

-l. 7 .lli.,n·llwi!'OIIX Hquipmriii-Pilns 12 in. 
r.1114.11 nun) in di:~mc:ter :~nd J in. (76.2 mm) in 
dquh: a suit:~hlc cont:~incr that will prevent loss 
,,f llh>i~turc during stor:~ge of the moist ICSI ~m· 
pl.- pr.:parcd in Procedure B. 

I'ROO:OURF: ,\ 

\. S;unpling 

· 5. I Dry the soil s:~mple as received from the 
il'ld. using one of the following methods: (I) in 
ur at room temperature, (})in a drying oven at 
1 t~mpcralurc not exceeding 140'F (60'C), or (J) 
''inc :~ny warming device that will not nise the 
<'lllpcraturc of the s:~mple above 140'F. Break 
rptlwroughl)' :~ny aggregations of panicles using 
,.,. mnnar :.nd rubher·covcred pestle or other 
uitahle dc\'iCe (Note I). Select a representative 
•••rlilln hy the method of qu:~nering or by use of 
,.,. ~ampler. This ponion must be sufficient to 
•roll ilh: !\.1mpks for p:~niclc·sizc analyses of rna· 
:rial rct;~inl'd tln nnd p:ISsing the No. 10 (2.00· 
11111 ~il•vc. :uul to provide an 11dcqu:ue amount 
f 111:11~·rial p:~ssin& the No. 40 (42S·JJm) sieve for 
a· 1c~ts 10 tktcrminc soil constants. The 
rlltiUIIIS of m~lcrial rcquir~d 10 perform the 
1di• itlual trMs :~rc :IS follows: 
uli,:lt··SIIt Atulr1i1 n( ~hlrrial RtiJintd 

nn Nn 10 (l.M·nlm) Si(\'f: 
c ;,;ndl~ toils. 1 
~ ...... ,, ,. .. , ... ' 
~'''> "' d>rcr k>ilt.. a 
uth·k·-Silt An:aly1.i1 n( ,_hltrial ranina 

-"·• Ill urn.mm) Soc•c: 

, ... ~ ........... -·- . ·-·- -

4 000 ro 10000 
I ~00 

400 

II J 

Tf1U fot fkltrmln••lon of Soil Con111nts: 
liquid limir. 1 
l'lluic limil. 1 
Ccnrrifuat moillu" rquiv1knt, 1 
Sllrinhcc fac~on. 1 

all temperature no! exceedin&I40•F (60.C). 
:m~\111'"" the dried soil in the monar with the rub

r.:r-c:ovc:rcc:J pestle or other suitable device, and 
......... , ...... with similar material obtained in 6.1.1. C'llcck ltSII, 1 

Norr. 1-When the ~mplccon1alns 
shale or ~ndstonc or similar wtak 
must he uertiscd to avoid cxc:cuivc 
size or the panicles. 

Alternatively, aOer all the soaked mate· 
has been washed, remove most or the water 

filtering the wash water on one or more Bilch· 
runnels fitted with filler paper or by usina 
candles. Remove the moist soil rrom the 

6. Prrparatlon of Test Samples p3per or filler candles, combine with any 
l remalnina In the pan, and dry at a 6.1 For Part/(' ~-Siu Analysis: K~~perature not exceeding 140•F (60'C). Grind 6. I .I Weigh the ponion of the test soil in the monor with 1 rubber-covered selected for panicle-size analysis and 

the wei&ht of test sample uncorrected for 0~~~~~a~~:~::::r~~.~~~. combine with scopic moisture. Separate this material into 
ponions using the No. 10 (2.00-mm) l-In some lnstanc:cs, the wash water will not aside the ponion p:.ssin• for later ··~"-"':A .. ~··)IICOI!n&elcar In I reasonable lenath or time; In this case 0 ~ .. ··---·•·cntin: volume must be evaporated. with additional material washed from the 
ret:~ined on the No. 10 (2.00-mm) sieve. . ·f ,6.2 For Drtmnlnatlon of Sol/ Constants-. 6.1.2 Place the m:ucrial retained on the Nl in accordance with 6.1, substituting a 10 (2.00-mm) sieve in II pan, cover with ... •o (42S·J!m) sieve ror the No. 10 (2.00-mm) 
and allow to soak until the p:~niclc .. 111r~1·u~ 
hecome son. Aner soaking, w:.sh the material 'Non l-In some arus ills pouible that the c:ations a No. I 0 (2.00-mm) sieve in the (ollowin&llllt · present In the liP water may cachanae with the cations In the soil and alter sianiliantty the ncr: Pl:~ce an empty No. I 0 (2.00·mm) sieve oi soil constants should 11p water be ul((l in the boltom of a clean p:1n and pour the WJ~ .... ~~Illal<h\lllndwashlnaopcrations. Unlcuitlsknown from the soaked sample into the sieve. Add ..J Nl such c:atlons are not present in the tap water, licicnl water to bring the level approx1malclrl fltiDcd or demineralized water ihould be used. The in. ( 12.7 mm) above the mesh oft he sieve. Tr:u;: and washlna operation will remove soluble salts --, "'"A-•·• A·" In the soil. When soluhle salts are present In fer the soaked material to the sieve in irrcremt~ the Willi water should be saved and evaporated, not exceeding I lb (0.4S kg), stirring each i~ the &alts n:turncd to the soil sample. 

mcnt with the fingers while agitating the sieve 
and down. Crumble or mash any lumps Test S'lmples 
have not slaked, using the thumb and 7.1 Keepina each ponion sepante from the 
Raise the sieve above the water In the pan --, ,,,w .. ·- ponion, mix thoroughly the ponions or the complete the washing operation using a sample passing the No. 10 (2.00-mm) sieve amount of clean water. Transfer the washed~ the No. 40 (425·JJm) sieve. By the method lcrial On I he sieve IO a clean pan before placi" or by the. use or the sampler, select another increment of so:~ked material on ~ weigh out test samples or the weights indi-sieve. in Section 5, as may be: needed to make 

6.1.3 Dry the motterial retotincd on the No. If required tests. 
(2.00·0101) sieve II I temperature of 230 :t f1 
(II 0 :t S'C), sieve on the No. 10 (2.00-mm) sinr, 
and add the material passing the sieve to similr 
matcri:.l obtained in 6.1.1. Set aside the maleM 
rct:~incd on the sieve for use in the paniclc·si• 
analysis. 

6.1.4 Set aside the pan containing the wa» 
ings for :1 period of several hours or untiltllr 
water above the potniclt .. :, clear. Decant, pipet,. 
Or Siphon Ofr aS 0\U( ; the Clear W!liU • 

I. Samples 
1.1 Samples prcp:~rc:d in accordance with this 

procedure must be: shipped from the licld to the 
bboratory in scaled containers and must contain 

·aU their natural moisture. S:~mplcs obviously 

~~-i~i~~ ~~!.~ ~~-~i~s.A'f :~! ~~~ ~~·:.!.o 

size analysis without first washing on the No. 10 
(2.00-mm) sieve. Samples obviously containina 
only p:~nicles passin& the No. <CO (<425-JJm) sieve 
;nay be used in the tests to determine soil con· 
stants without first washin& on the No. •o (<CH· 
JJm) sieve. 

9. Preparation or Test Samples 
9:1 FIJr Particlr·Siu Analysis: 
9.1.1 Select and weigh a rcpre5enlative por

tion of the moist sample estimated 10 contain 50 
a of panicles passing the No. I 0 (2.00-mm) sieve 
for silty and clayey soil, or 100 a for sandy soil. 
For samples containing panicles not passin& the 
No. 10 (2.00-rnm) sieve for which a panicle-size 
analysis is required, select and wci&h 1 represent· 
ative s:~mple estimated to cont:~in the required 
amounts of panicles both passing and not passina 
the No. 10 (2.00-mm) sieve.'Oetcrmine the mois· 
ture content at 230 :t 9'F (110 :t S'C) usinaan 
:~uxiliary sample, for use in Method D422. 

9.1.2 Soak the moist sample and wash on 1 
No. 10 (2.00-mm) sieve as described in 6.1.2. 
AOcr washing, dry the material retained on the 
No. 10 (2.00-mm) sieve in an oven at a temper· 
atureof230 :t 9"F(IJO :t 5'C), wci&h,and retain 
ror the p:~nicle-size analysis. If the volume of the 
wash water and soil is too lar&e for use in the 
sedimentation procedure of the test for panicle· 
size analysis, evaporate excess water by exposure 
to air at room tempenture, by heating in an oven 
at a temperature not uceedina230'F (II O'C); or 
by boiling. Regardless of the method of evapo
r:.tlon used, the following precautions must be 
taken: ( /) stir the sluny from time to time to 
prevent I dry soil ring rrom form in& on the walls 
of the evaporation .vessel, and (1) return the 
temperature of the sample to room tempenture 
before testing. 

9.2 Ftlf D~tmninatlnn n/Snil Cnnstants-Se· 
lccta representative ponion of the moist s:~mple 
estimated to contain sufficient p.1nicles passin& 
the No. <CO (42S·JJm) sieve to m11ke the required 
tests for determination or soil constants. Soak 
this selected ponion of the moist sample and 
wash on the No. <CO (<C25·JJ m) sieve u described 
in 6.2 (Note 2). Rcdure the moisture content of 
the material p:~ssina the No. 40 (42S-.. m) sieve 
until the mass reaches a putty·like consistency 
(such as 30 to 35 drops of the cup in the liquid 
1!-!1 •-••\ L .... --~--- L-1-... •L- --•---• __ ! ... --
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10.1 Requirements for the precision and ac· 
..... , .. ~ ol &ntS( 
developed. 

• m~tllod have not yet bcQ•:: 
( 'j ·~, 
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. Standard Practice for 
/1m Wllfnuuf it J•hjurlo rr•IJiotf •t llltfllmt bflllt rtJ,oiUibl' ltthlt•l tOifiMIIItt •fttl "'"''lit rr•I'•Ttf ""I flrt ,_;· 

·•~of if onr "'''"'· ritAu ""Pf'••rtlot rrirAJ''""'- Yout '""'"''"""It bt•lu/ tlrAttfor tlPIJiott•frAII llllnl•rl or Jot ••IJ"W' · 
""""'""' o•o/ tAn,./J l>t ooldttuttl /o ASTM /lt4tlqu4NtrL Your ummt~/1 will rrttlrtt•ttfut (o.uloltr•rlo~ a/ • mull~f I(•·; 
"'I'"~ rrhlt trrA•rr41 '""'"''""· o·A/rA )'Oil"'"! 11/ltflt/. If ~ufrrliAat ~11r ,.,.,.,,.11111•1 11111 ttttl•tth {lilt ""''"I fOil 14ft~/ ~ 
""''' on•• "'"' l•••" ro rA, tiS TAl Commilltto~t Srofto/4tll,l9161111tt St., IA114JtlpAI•. ,._ 19101. i{ 

WET PnEPARATION OF SOIL SAMPLES FOR PARTICLE· 
SIZE ANALYSIS AND DETERMINATION OF SOIL 
CONSTANTS' 

,, 
':_~ salidanl1iJ lu11cd 11nolcr I he lhcd.~&nllioll 0 llll; lhc 1111mbcr lmmtclialtlJ fDIIowlna I he dnlana1ion llldin1n I lie tnr ot 
~wt'ulldopiiOII O<,ln lhc UIC of rn•"on,lhc ytar ofl .. l rcvlt.lon. A n11mbcr In pettnlhuellndiniH 1hc )'Car otl .. t ttopprooat 1' ~~tpcnnipC cp&iloa (t) lnd;caltl an tclilotlal cllanac Iinc-e \hi Lui rcYialotl Of ttapptoval. · 

;:'nlo ,.,.,~ /uu /wn •flfll'rm/ fi" "" b_r •tmrln tt/rlt~ lkporrmmt ti Dcfpy~ aNI Jx lllliftl /lotio., CND lttdrJt ~¥ St>«i/1<-llli.,.., 
.,,.JJIIIIJM,JL 

·~ 
.J, Scope 

~· .. 1.1 This practice covers the wei preparation 
~soil samples as received from the field for 

•"f'l1iciNile analysis and delermination or soil 
·~CDIIIIJniS. 

·'' 1.2 Procedure A provides for dryina the field 
·_I~ .•mplc 11 1 temperature not exceedin& 140•F 
t;! ·:(40'C). malcin& a wet sep;~~tion on the No. 10 
';. • (1.00-mm) sieve, or No. 40 ( 42S·Jl m) sieve, or 
~ ~'tolh. as needed, and finally dryin& at a temper. 
:1' 1111rc not exeecdinai40•F. Procedure 0 provides 
:1,_; :IUtlhc sample shoJI be kept at a moisture con· ·p 11111 equal 10 or greater thon the noiUral warer 

1 content. The procedure to be used should be 
· a!icarcd In the spccificotrion for the m:llerial 
kine tested. If no procedure is specified, lhc 
,~i~ions of Procedure B shall govern. 
Y · IJ Tills standard IIIOJ' im·ol•·t !Ja:arllmu ma· 
. ttrio/s, opmw'ons, am/ ~1/lllpmcnt. TIJis standard 
·~~not purport to addms all o/tht safet)' pro/J. 
fi'ms assodared ll'ith Its list. /tis the rcsponsibil· 
-~rfn·h~cr uses this standard tn CtJnsu/tand 
; ,.ahlish appropriate safety and htalth practices· 
~·w dnmnlnc tltt applicabilit}' of regufatorJ' fiml· 
:·JtlcJns prior to list. 
k 
, 1: Applicable Documenrs 
'l 2.1 ASTM Standards: 
:. 0421 Practice for Dry Preparation o( Soil 
t' • ~mples (or Putide-Siu Arulysis and De:. 
'· ., lalD.inatioa of Soil Consum.sl 
10m Ua1Jod for l'anide-Siu Anatysfs of 

r..·Sot1r ... 
~ 

E II Specificottion for Wire Ooth Sieves for 
Testing Purposc:s1 

J. Slgnlncance and l:Jse 
l.J Procedure A is uStd 10 prepare soil sam· 

pies for plasticity tests and paniclc·site :analysis 
when the coarsc·arained p:micles ora sample arc 
sort and pulverize readily, :u in Practice D 421, 
or when the line panicles arc very cohesive and 
tend to resist removal from the coarse: panicles. 

l.l Some soils never dry out in nature and 
may chansc their characteristics arc111ly when 
dried. If 1hc true naturalaradarion and plasticity 
characteristics of such soils arc desired, thcSt soils 
should be shipped to 1hc labor:l\ory in Staled 
containers and processed in accordance with Pro
cedure 0 of this p~ctice. 

).) Liquid limil and pl:~sticily index values 
derived from samples containin& lheir natural 
moisture are usually, but not always, equal to or 
hi&her than values derived from similar samples 
o( the dried soil. In the case o( linc·vained 
orpnic soil, there is a radical drop in plasticity 
due to oven dryina. 

m:GIUIIIIIIIIIIIIII ....................... a .......... ~--------------------
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PERMEABILITY OF SOIL 

This method is applicable to soil sam~l~s collected 
Scope and Application: as part of the f·1uskego Sanitary Landf1ll RIIFS. 

Method: Permeability Test with Back Pressure (Flexible Wall permeability). 

Reference: A enaix VII SPction 7, Engineer Manual EM 1110-2-1906 (~0 
N~~ember 1976), Headquarters, Department of the Army, Off1ce 
of the Chief of Engineers (see Attachment One). 

Precision: The rrethod is applicable to soil having a saturated permeability 
of less than 1 x 10-3 em/sec. Overall precision is expected to 
be less than 50 re la ti ve percent difference ( RPD}. 

Sample Handling: Samples will be collected in 3 inch diameter Shelby tubes, 
capped and store at 4 degrees centigrade until ~nalyzea. 

Reagents and Eguip~nt: 

1. O.OOSN CaS04 in dearied, deionized water (boiled}. 

2. 

3. 

4. 

5. 

6. 

7. 

Pressure chamber for permeability testing. 

Scale capable of weighing to the nearest 0.01 gram. 

Sample extruder capable of extruding the soil core from the Shelby 
tube in the same direction of travel that it entered. 

_Specimen-tri!Mling eauipment, which-may include-soil lathe, wire 
saw, spatulas, kniv:s, steel rasp or ~teel straight edge. 

Flexible membrane which shall encase the lateral boundaries of the 
specimen and prevent leakage. 

Drying oven (los• C). 

Procedure: 

1. Extrude samole from the Shelby tube fn the same direction the sample 
entered The tube. 

2. Select and trim a minimum 6 inch length of undistrubed core for use. 
Avoid smearing of the sample ends while trimming samples. 

3. Retain a separate section of core for determination of specific 
gravity (ASTM 0854-83, see Attachrrent Two). 



4. Measure and record the length and diameter of the trim~ed specimen 
to the nearest 0.01 inch and the wet weight to the nearest 0.1%. 

5. Performance of the test shall follow that described under paragraph 
7~. page VII-17 of EM 1110-2-1906 (attached). 

6. After permeability testing is completed, determine the dry weight of 
the sample by drying at 105 degree centigrade. 

Results: 

1. Conductivity will be calculated using the falling head method (See 
Attachment three). 

2. Results will be presented in the format shown on Attachment Three. 

·~ua 1 i ty Contro 1: 

·.~ 

1. Samrles analysed for quality control purposes will be limited to 
field dupHcates. As samples for permeability testing are taken 
from intact cores (ie. not measured on homogenized, repacked 
samples), it is not possible to obtain what could be considered a 
laboratory dupHcate. Results of field duplicates are expected 
to agree within 50 relative percent difference (RPD). 

- - -

KDF/CAW/DLN 
[KA\o/-7-23] 

2-MUSKEGO 



WARZYN ,. 
...aiNaRRING INC 

SAMPLE 
DEPTH 
SOIL DESCRIPTION 

SAMPLE DIAMETER (em) -., :~ ,::.,~ SAMPLE AREA, A (c ) 

SAMPLE LENGTH, L (em' 
MOISTURE CONTENT, I 

DRY DENSITY (PCF) 
HAX IHUH GRADIENT 
NET CONFI ru~~) PRESSURE PSI 

RUN NO. 1 
2 

3 
4 

.. -., 5 

·-' 6 

7 

8 
9 

10 
AVERAGE k. (em/sec) 

Ml I Ml.nl'l(.l~ I I fli'.LL 

FLEXIBLE WALL 
FALLING HEAD/RISING HEPD 

PERMEABLJTY TEST RESULTS 
PROJECT: 

LOCATION: 

INITIAL FINAL INITIAL FINAL 

COEFFICIENT OF PERMEABILITY, k (em/sec) 

Test No. ------
J~No __________ __ 

Date-------
Sheet ____ ot _ 

INITIAL FINAL 

FORMULA: k • 2.3 a L 10910 Dn Where a • cross-sectional area of standpipe, 
2 At ht 

REMARKS: 

t • time for water level to fall from 
initial height, hQ, to final height, ht 

(·All other terms are def1 ned above) 
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ATTERBERG LIMITS 

Scope and Application: This method determines the liquid limit, plastic 
limit and plasticity index of soil samples from 
Shelby tubes after permeability testing. 

Methoa: Standard Test r~ethod for Liquid Limit, Plastic Limit and Plasticity 
Index of Soils ASTM D-4318 (Liquid Limit by One-Point Test) with 
minor modifications. 

Sample Handling: Samples will remain in Shelby tubes and be shipped dafly 
by overnight carrier. 

Reference: Annual Book of ASTM Standards, 1987, Soil and Rock; Building 
Stones; Geotextiles, Vol. 04.08, Section 4, Construction. 

Apparatus: 

1. Brass cup 
2. Grooving tools 
3. Liquid limit drop device 
4. Soil sieves 
5. Height Gage 
6. Balance 
7. Drying oven & moisture containers 
8. Hard ruhber base 

Notes: 

1. The liquid and plastic limits of many soils that have been allowed to 
dry before testing may be considerably different from values obtained 

··"' on undried samples. If the liquid and plastic limits of soils are used 
_ _) to correlate or estimate the engineering behavior of soils in their 

moist state, samples should not be permitted to dry before testing 
- unless data on dried samples are specifically desired. 

2. The composition and concentration of soluble salts in a soil affect the 
values of the liquid and plastic limits. as well as the water content 
values of the soil (see Method D 2216). Special consideration should 
therefore be given to soils from a marine environ~nt or other sources 
where high soluble salt concentrations may be present. The degree to 
which the salts present in these soils are diluted or concentrated must 
be given consideration if meaningful results are to be obtained. 

3. Sine~ the tPsts described herein are performed only on that portion of a 
soil which passes the 425-um (No. 40) sieve, the relative contribution 
of this portion of the soil to the properties of the sample as a whole 
must be considered when using these tests to evaluate the properties of 
a soi 1. 

1-Atterberg 



Procedure: 

Sample Preparation: One-point liauid limit 

1. Samples for One-point Liquid limit analysis will be prepared 
according to ASTM 04318 procedure, Section 10.1 (wet preparation) 
or 10.2 (dry preparation). 

2. Samples for Plastic Limit analysis will be prepared according 
to ASTM 04318 procedure, Section 16.1. 

Sample Analysis: 

1. The sample will be processed to remove any material retained on a 
425-um (No. 40) sieve. The liquid limit will be determined by 
performing trials in which a portion of the sample is spread in a 
brass cup, divided in two by a grooving tool, and then allowed to 
flow together from the blows caused by repeatedly dropping the cup 
in a standard mechanical device. ASTM 04318, Sections 13 and 14. 
indicate the one-point liquid liwit test can be used when the number 
of blows is between 20 and 30. A minimum of two trials are performed. 
If the number of blows differ by no more than 1 blow, then the mois
ture content is determined. If the numher of blows differs by more 
than 1 blow, then the test is repeated until two consecutive trails 
aqree within 1 blow. 

2. The plastic limit will be determined by alternately pressing together 
and rolling into a 3.2 mm (1/8 in.) diameter thread a small portion 
of plastic soil until its water content is reduced to a point at 
which the thread crumbles and is no longer able to be pressed together 
and rerolled. The water content of the soil at this stage is reported 
as the plastic limit. 

3. The plasticity index is calculated as the difference between the liquid 
limit and the plastic limit. 

Calculations: 

1. The "K" factor for liguid limit in Table 1 of ASTM 04318 is applied to 
the moisture content from the liquid limt trials to determine the 
liquid limit value. 

2. Threads of soil will be rolled to the targeted diameter until a total 
specimen weight of 50 grams or more is obtained. The moisture content 
of the speci~en is the plastic limit value. 

3. The plasticity index is equal to the liquid limit minus the plastic limit. 

2-Atterberg 



Qua 1 ity Contra 1: 

1. Duplicate 2 out of 10 for sets of less than or equal to 10 samples 
and 1 out of 10 for sets greater than 10. Duplicates should be less 
than or equal to lOS. 

[KAW-7-30] 3-Atterberg 
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~~.Designation: D 4318-84 

Standard Test Method for 

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF 
SOILS1 

Tllos sunobrd " iuwd unokr tlw fhC'd .JnotnatK>n D ~)II; llw_numbcr imnwd~)" ron-inatlw dtsianation ofldicaln tlw )nt o1 
119M1Wo~cMoon Of. onllw aK o1 m ,..., •. llw ~~ar ollall ~-- A 1111mbrr 111 jam\llleses iftdicaln tlw ..ar ollall ft'IJIIIro\al 
-lllflt"l'npl qllilo>n l•l illdl<'aln an t\hloJnal .-~~~~sin« llw lui ~isioft Of rnpproval. • · 

::;•;::;:,!"' Aoto "''"'lll'rft"nl ,, ""' lto·llltl"" ,.., tf{lik'lkpon- tt{~t~Nifurlulilfll ill Ilk' ll.•D llllk.l· •rfStrn"i/ic'tiii<IIU 

I.Sco~ 

1.1 This test method rovers the determination 
ol'the liquid limit, plastic limit. and the plasticity 
inde1 of soils as defined in Section 3. 

1.1.1 Two procedures for preparing test spec
imens and two procedures for perfonning the 
liquid limit are provided as follows: 

• .f Multipoint test using a wet preparation 
procedure, described in Sections 10.1. II. 
and 12. 

B Multipoint test usina a dry preparation 
procedure, described in Sections 10.2. II, 
and 12. 

C One-point test using a wet preparation pro
cedure. described in Sections 13, 14, and 
IS. 

D One-point test using a dry preparation pro
cedure, described in Sections 13, 14. and 
IS. 

The procedure to be used shall be specified by 
the requestin& authority. If no procedure is spec- • 
ifiCd, Procedure A shall be used. 

Non 1-Prior to the adoption of this tm method, 
a cui'\'C'd aroovin& tool was spccilicd as pan of the 
apparatus for perfonnina the liquid limit am. The 
cuned tool is not considrred to be as accurate as the 
llat tool described in 6.2 sin« it docs not control the 
dtpch of the soil in the liquid limit cup. However, l.heR 
m some data which indicate that typically the liquid 
lunit is slishtly increased when the flat tool is used 
IIISiad of the curved tool. 

1.1.2 The plastic limit test procedure is de
IC'ribcd in Sections 16, 17, and 18. The plastic 
limit test is perfonned on material prepared for 
the liquid limit test. In effect, there are two 
procedures for preparing test specimens for the 
pbstic limit test. 
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1.1.3 The procedure for calculating the plas
ticity index is aiven in Section 19. 

1.2 The liquid limit and plastic limit of soils 
(alone with the shrinkage limit) are often collec
tively referred to as the Atterbera limits in rec
ognition of their formation by Swedish soil sci
entist. A. Anerbera. These limits distinguish the 
boundaries of the several consistency states of 
plastic: soils. 

l.l As used in this test method, soil is any 
natural agreption of mineral or orpnic: mate· 
rials, mixtures of such materials. or artificial mix
tures of aggreptes and natural mineral and or
ganic panicles. 

1.4 The multipoint liquid limit procedure is 
somewhat more time consuming than the one
point procedure when both are perfonned by 
experienced operators. However. the one-point 
procedure requires the operator to judge when 
the test specimen is al)proximately at its liquid 
limit. In cases where th;s is no: done reliably, the 
multipoint procedure is as fast as the one-point 
procedure and provides additional precision due 
to the infonnation obtained from additional 
trials. It is particularly recommended that the 
multipoint procedure be used by inexperienced 
operators. 

I.S The correlations on which the calculations 
of the one-point procedure are based may not be 
valid for· cenain soils, such as organic soils or 

1 This ICSI IMthod is under llw jurisdiction o( ASTM Com· 
min~ O.tl on Soil aftd Rock and is w dim:t rnponsihility o( 
Subcommollec 011.0) on Tellu~. Plasticity aftd ~nsil) Chat· 
IIC1eri51ics or Soils. 

Cunenl C'dition approved Oct. 26. 198~. Publi.n.d lkttmbn 
1984. Oricjnally puhh.n.d as D 4311 -lll....ul ~vooui C'dolion 
D 4311- ll''. 
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soils from a mann.· rnvironment. The: h~uid 
limit of these soils should therefore be deter
mined by the multipoint procedure (Procedure 
A). 

1.6 Thr liquid and plastic lim us of many soils 
that have b«n allowed to dry before testing may 
he considrrably different from values obtained 
on undried samples. If the liquid and plastic 
limits of soils are used to correlate or estimate 
the engineerin& behavior of soils in their natural 
moist state. samples r.hould not be permitted to 
dry before tcstin& unless data on dried samples 
are spccifically desired. 

I. 7 The composition and concentration of 
soluble salts in a soil affect the values of the 
liquid and plastic limits as well as the water 
content values of soils (see Method D 2216). 
Special consideration should therefore be given 
to soils from a marine environment or other 
sources where high soluble salt concentrations 
may be present. The degree to which the salts 
presenl in these soils are diluted or concentrated 
must be given consideration if meaningful results 
are to be obtained. 

1.8 Since the tests described herein are per
formed only on that ponion of a soil which pas.ses 
the 42S""f'm (No. 40) sieve, the relative conui
bution of this ponion of the soil to the propenies 
of the sample as a whole must be considered 
when using these tests to evaluate the propenies 
of a soil. 

1.9 The values stated in acceptable metric 
units are to be rq:~rded as the standard. The 
values given in parentheses arc for information 
only. 

1.10 This standard may involvl' ha:ardow 
mall'rials. opuations. and tquipmtnt. This. 
standard d~s not purport to addrt'ss all ofthl' 
SG/ety probltms assodattd "M'ith il5 U.Sl'. It is thl' 
rrsponJibility of whon>rr uses this standard to 
consult and rstablish appropriatl' sa/l'ty and 
ht'alth practicl's and dt'tnminl' thl' applicability 
of r~latory limitations prior to U.Sl'. 

2. Applicable Doc:umcats 
2.1 ASTM Standards: 
C 702 Methods for Reducing Field Samples of 

Aggregate to Testing Size' 
D 7S Practice for Sampling Aggrcptes, 
D 420 Recommended Practice for Investigat

ing and Sampling Soil and Rock for Engi
neering Purposes• 

0 6Sl Terms and Symbols Relating to Sod 
and Rock• 

D 1241 Specification for Materials for ScJII. 
Agarc:gate Subbase. Base. and Surracr 
Cour~:s• 

D 2216 Method Cor laboratory Dcterminatioa 
of Water (Moisture) Content of Soil. Rod . 
and Soii·Aggrcgate Mixtures• 

0 2240 Test Method for Rubber ProPtny
Ourometer Hardness' 

0 2487 Test Method for Classification ofSoi" 
for En&ineering Purposes• 

0 2488 Prae1icc for Description and Jdcntifi. 
c:arion of Soils (Visual-Manual Procedurrr 

0 3282 Practice for Classification of Soils ud 
Soii-Agreg.ate Mixtures for Highway COli· 
struction Purposes• 

E II Specification for Wire-Cloth SiC\'tS fc:r 
Testing Purposes• 

E 319 Methods of Testing Single-Arm llaJ. 
ancest 

E 898 Method of Tcstin& Top-loading. l)i. 
rect-Reading Laboratory Scales and 8aJ. 
ances• 

J. Defiaitions 

3.1 Alf"/x-rg limits-originally. seven •JimitJ 
or consistencyw of fine-grained soils were defined 
by Alben Atterberg. In current engineering 1153F. 
the term usually refers only to the liquid limit. 
plastic limit, and in some references. the shrink· 
age limit. 

3.2 ronsisttnC)'-the relative ease with ,..hicfl 
a soil can be deformed. 

3.3 liquid limit (LL)-the water content, il 
percent. or a soil at the arbitrarily defined bound
ary between the liquid and plastic stales. na 
water content is defined as the water content• 
which a pat of soil placed in a standard cup and 
cut by a aroove of standard dimensions wiD no. 
together at the base of the &fOOVC for I distaD« 
or 13 mm ('h in.) when subjected to 25 shocts 
from the cup bein& dropped 10 mm in a standanl 
liquid limit apparatus operated at 1 rate oil 
shocks per second. 

1 A1t111111illoolc Q{ ASTJJ Suwllvds. Vol 04.02. 
1 AMIIAI IJDoll Q{ ASTM SrdlldDrds, Vob CW.Ol, 04.0). ul 

CW.OI. 
• A"IIJIIIIIJDoll t/ ASTM StaNIMds, Vol CW.OI. 
'A1t11wtl lld Q{ ASTM Sltvtdll111s. Vol 09.01. 
'AMIMII llt>Oit of ASTJJ SitJNitvds, Vol 14.02. 
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Nmr :!-I h,· unJr~•n,·J ~1..-~r ''" 
liquid Jrmtl •~ .:on'old.·r...: 111 h: ~ .!'ll ~ 

3.4 pltJ\111 fm111 tl'/.1-thc ~.-;~ 
percent. nf a !>Oil at thl' h.1unJJ1 
plastic and hrntk !olat•·~ I hl· ~.-. 

this bounda~ ·~ lh•· ~o>atl·r nmt•·nt 
can no longa tic d.:f,,rmcd h~ r· 
mm (1/• in.) sn dtam~t.:r thr~ad> 
bling. 

3.5 plu.~ti1· .\oil-a !Kill ~.-·h•··h I 

water content O\l'r wh..-h 11 l'\h 
and which will rctarn it~ !>hap..· on 

3.6 plcNtnt.r llld<'\ fl'IJ-thc 1 

content O\"tr "'hich a soil hl.'ha' 
Numericall)·. it is thl.' dtO\-rl.'nn· tll 
uid limit and the plasti.: hm1t. 

3.7 /lqw,/iu mdn-th.: ra1111 .• 
percentage. of (I) the: natur.ll wa\( 
soil minu!o its plast••· hmit. tu 1.:' 
index. 

3.8 acti•·it.r numh,•r (.·IJ-th.: r. 
plasticity inde~ of 3 s..nl to (.'1 II 

weight of panicles ha\ing an l'ljUI\; 
smaller th;m 0.002 mm. 

4. Summar) of Method 

4.1 The sample is prOC\.-sscd to 
material retained on a 425-l.lm (!' 

The liquid limit is dch:rminl.'c.l h 
trials in which a ponion of the san 
in a brass cup, di,·idcd in two h~ a l 
and then allowed to om .. · lllg~\h 
shocks caused hy rrr~o.::ncdl~ drnrr• 
a standard mC\:hanical dl·,·il"l'. Th 
liquid limit, Procedures A and B. r 
or more trials over a r.tngc of watc 
be performed and the data from thr 
or calculated to make a rclationshrr 
the liquid limit is determined. n 
liquid limit. Procedures C and D. 1 
from two trials at one water contct 
by a correction factor to cktcrm•r 
limit. 

4.2 The plastic limit is dctcrmir 
nately prcssin& together and rollin 
mm (V. in.) diameter thread a sma 
plastic soil until its water content 1s 
point at which the thread crumbll 
longer able to he pressed togl·thcr ; 
The water content of the soil at 
reponed as the plastic limit. 
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15 p/tJJiit' ,m/-a soil which has a ranae of 
W2tcr content over which it uhibits plasticity 

and "h•ch will retain its shape on drying. 
16 p/astidty indrx (PI)-the range of warcr 

content over which a soil behaves plastically. 

Numerically, it is lhc diffcrentt between the liq
llid limit and the plastic limil 

3.7 liquidit.t' indrx-thc ratio. expressed as a 
pmc:nugc. of (I) the natural water content of a 
soil minus its plastic limit. to (1) its plasticity 
indn. 

3.8 actMt)' numbn {A)-the ratio of (I) the 
plasticit~· index of a soil to (1) the percent by 

•-eight or panicles having an cqui\·alent diameter 
smaller than 0.002 mm. 

4. Summary of Method 

4. I The sample is procnscd to remove any 
material retained on a 425-J&m (No. 40) sieve. 
The liquid limit is determined by performing 
!rials in which a ponion of the sample is spread 
in a brass cup. divided in two by a grooving tool. 

and then allowed to now together from the 

:Jioch caused by repeatedly drorping the cup in 

a standard mechanical device. The multipoint 
liquid limit. Proa:dures A and B. requires three 

or more trials over a ranee of water contents to 
be performed and the data from the trials plotted 
or calculated to make a relationship from which 
the liquid limit is determined. The one-point 
liquid limit, Procedures (' and D. uses the data 

from two trials at one water content multiplied 
by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alter
nately pressing together and rolling into a 3.2 
mm (~ in.) diameter thread a small ponion of 

plastic soil until its water content is reduced to a 
point at which the thread crumbles and is no 

longer able to be pressed together and rerolled. 
The water content of the soil at this stage is 
rtponed as the plastic limit. 

765 

04311 

4.J The pla~ticity tndet. is l·akulated 35 the 
diOi:rr:ncc between thr.: Jrljuid I unit and the plastic 
limit. 

S. Si~:niriranr~ and lJs~ 

S.l This test method is used as an integral pan 

Of several engineering cla!>!>ification systems tO 

characteri1e the fine-gr.ained fractions of soils (stt 

Test Method D 241!7 and Practice D 3282) and 

to specify the fine-grained fro~ction of construc
tion materials (sc.."C Specification D I :!41 ). The 
liquid limit. plastic limit. and plasticity index of 

soils an: also used extensive!)·. either individually 

or together with other soil propcnics to correlate 

with engineering behavior such 35 compressibil· 

ity. permeability. compactibility. shrink-swell. 
and shear strength. 

5.2 The liquid and plastic limits of a soil can 
be: used with the naturo~l water content of the soil 

to express its relative consistency or liquidity 
index and can be: used with the pcreenta&e finer 
than 2-J&m size to determine its acti,·ity number. 

5.3 The one-point liquid limit procedure is 

frequently used for routine da!>!>ification pur
poses. When greater precision is required, as 
when used for the acceptance of a material or for 
correlation with other test data. the multipoint 
procedure should be used. 

SA These methods are sometimes used to 

evaluate the weathering characteristics of clay· 

shale materials. When subjected to repealed wet· 

ting and drying cycles, the liquid limits of these 

materials tend to increase. The amount of in

crease is considered to he a measure of a shale's 

susceptibility to weathering. 
5.5 The liquid limit of a soil containing sub

stantial amounts of orpnic matter decreases dra
matically when the soil is oven-dried before test· 
in&. Comparison of the liquid limit or a sample 

bc:fon: and ancr oven-drying can therefore be 

used as a qualitative measure of organic matter 
content or a soil. 

6. Apparatus 

6. I Liq11id Limit /)(>vic~-A mechanical de· 
vice consisting of a brass cup suspended from a 
carriage designed to control its drop onto a hard 

rubber base. A drawing showing the essential 
features of the device and the critical dimensions 

is given in Fig. I. The design or the device may 

vary provided that the essential functions are 
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(\r~·\l·n ~·J Thl" d~·, 1•·~· n~J' to.: ,,~·rat,·d ~lth,•r !l~ 
a hand l'ranL. m !l~ an ~k('tnc motor. 

f!.l.l IJ,II,'-Th.: N\l' ~:111 be hard rubber 
ha,ing a D Durom.:trr hardnc:s.s of 80 to 90. :~nd 
a rcsilirncr such that an 8-mm ('1••-in.) diameter 
polished stcrl roll. when dropJX-d from a hriJht 
of~~ em (9.84 in.l will ha,·r an avrragr rehound 
of at least 80 ~but no mCtrc than 90%. The tests 
sh:~ll be conducted on thr finished base with fe-et 
:Jttachrd. 

6.1.~ Fc'f1-The rose sh:~ll be supponed by 
rubber feet desiJned to pro,·ide isolation of the 
bast from the work surfa~ and ha\·in& an A 
Durometer hardness no areater than 60 as mea
sured on the finished feet auached to the base:. 
· 6.1.3 Cup-The cup sh:~ll be brass and h:~ve a 
weight. including cup hanger. of 185 to 215 J. 

6.1.4 Cam-The cam shall raise the cup 
smoothly and continuously to its mnimum 
height. over a dist:~n~ of at ic:ast 180" of cam 
rotation. The preferred cam mot:Jn is a uni· 
formly accelerated lift cuf\·e. The design of the 
cam :1nd followrr combin:~tion shall be such that 
there is no upw-ard or downw:Jrd velocity of the 
cup when the cam follower leaves the cam. 

Non 3-Tbt ram and foll010~r cksian in Fia. I is 
for uniformly attrlrr:utd (parabolic) motion after con· 
tac1 and auum that thr nip 1w no vdocity at drop 
ol'f. Olhrr cam dnians abo provick this fraturt and 
may br used. H010-r•rr. if thr cam-follower lift paunn 
is not known. zrro vrlority at drop orr can be usurtd 
by carrfull~· filinJ or machininr. thr cam and follow-rr 
so that thr nip hript rtmains c-onstant ovrr thr last 20 
to 4S• of cam rot.:ltion. 

6.1.5 C arriaxc·-T~ cup carriage sh:~ll be 
constructed in 3 w3y th3t 31lows convenient but 
54'Cure adjustment of the height of drop of the 
cup to 10 mm (0.394 in.). The cup hanger sh:~ll 
be auached to the carri:~ge by means of a pin 
which allows removal of the cup and cup hanger 
for cleaning and inspc:c1ion. 

6.1.6 Optional .\lot11T Dri,·t>-As an altcma· 
live to the hand crank shown in Fig. I. the device 
may be equipped with a motor to t•1m the cam. 
Such a .motor must turn the c ..... Jt 2 ±0.1 
revolutions per second. and must be isolated 
from the rest of the de vi~ by rubhc:r mounts or 
in some other way that prevents vibration from 
the motor being transmitted to the rest of the 
apparatus. It must be equipped with an ON-OFF 
switch and a means of conveniently positioning 
the cam for height of drop adjustment~. The 
results obtained using a motor-driven device 
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muM n11t dilli:r from th,,,,_. tlt>tauw,l u ... r.~ , 

manually "'":rat~·d J,., 1n:. 
6.2 Halt umol"iii.J: Tool-A groo,ing tool ~\a,. 

ing dimrnsions shown in F1g. ~. Th~ tool shaC 
he made of plastic or noncorroding metal. The 
d~'Sign of the tool may \'a~ as long as ih~·l~ntial 
dim~·nsions ar~· maintainrd. The tool m3v. 1-ut 
n,·~-d not. incl.lrf'Orate thr gage fnr adjusti~' the 
h,·ight of drop of the liquid limit de\·icc. 

6.3 Cicl.t:c'-A metal pgr block for adjustilll 
tlk• h.:ittht of drop of the cup. having the.- dimra
sions shown in Fig. 3. The design of the tool ~ 
vary provick-d the gage will rest securely on the 
h:Lo;c without being susceptible to roct.ing. aDd 
the edge which cont:~cts the cup during :adjust· 
ment isstr.aight. at least 10 mm ( 'Ia in.) w·ide. and 
without hc\·cl or r.11.lius. 

6.4 CttntoiMr.t-Small corrosion-resistaat 
containers 'IA>;th snug-fitting lids for water contCIII 
specimens. Aluminum or stainless steel c-ans 2.S 
em (I in.) high by S em (2 in.) in diameter art 
appropriate. 

h.5 /Jaltmn'-A h:llanc-e readable to 3t lea5l 
0.() I 1 and ha,;ng an accuracy of 0.03 g ~ithin 
three standard de-viations within th.: range ofusr. 
Within any I S-a range. a difference hctv.\.-cn read
ings shall be accurate within 0.0 I g (Notes 4 and 
.s ). 

Nnn 4-~ Methods E 11911 :and E 319 fOf an n
planation of terms rel;atin&to bal:a~-r performance. 

Nun S-For fn:qurnt usc. :a top-lo:~dina type 1111-
anrt' with automatic load indi,-.uion. rrad:aNc to 0.01 
J. and ha•·ina an inckl ofprteis••'" (standard dc•iatill~· 
of 0.00) ,., better is most suitaNc for this mrtlk..: 
Howt'\'Cf, nonautomatiC' indiCatin& rqu;al-arm anal)ti
cal halanl'\."5 and some small equal arm top p;~n balanm 
h:wina re:adabilirics and so.·nsiti• iti•"S of0.001& or brtk! 
pro.-idc: the rrquirtd a~ur:IC} ,.·h~n used ,.ith a ~ 
Sl"l u( ASTJ\.1 Clau 4 (National Bur~au of St.andardl 
C1au PI or better. Ordinal')' c-ommercial and dassrooal 
type bal;ancn such as beam h:llanccs are noc suitablr 
for this method. 

6.6 StriTOJ:f' Ctmtaillf'r-A container in wbicll 
to store the prepared soil specimen that will nat 
contaminate the SI'\.'Cimen in any w:~)·. and wbicll 
prevents moisture loss. A porcelain. glau. or 
plastic dish ahout 11.4 em (4'1! in.) in diamcttl 
and a plastic hag large enough to enclose the disll 
and be fold~-d O\'tr is adequate. 

6. 7 Groum/ GI11JJ Platt•-A ground glass pbtr 
at least 30 em ( 12 in.) square hy I em (V. in.l 
thick for mixing soil and rolling plastic lirrut 
thrt::~ds. 

6.8 Spallllu-1\ spatula or pill l..nife having~ 

hlad~· a!l.lut ~ \'01 I '·• 1;: . ,.IJ,· "' ;,I• 
(4 in.) long. In :~da.htwn. 01 \(\atui.J h;," 
ahout ~.5 em II in.) .. id.: :~nd 1 ~ \·m t• 
h3S Ill-en found US4'ful fi.1r 1nit1al m"" 
pies. 

6.9 Sit'l'c•-A ~0.3 l.'m Ul in 1 J101m 

pm (No. 40) si~ve conftlrmm~ tal th• 
mcnts of Spccilkation [ II and ha"n' 
least 5 em (2 in.) :1bo'c the ml~h. 1\ ~: 
10) sie\'e meeting the s.amc rl'\:!Uifl'm 
also be nc:cded. 

6.10 ll'cuh Boule·. or similar cnnt 
adding controlled amounts of water t•' 
washing fines from coarse panidcs. 

6.11 DrJ'iiiK Ol·c•n-A thermostat!\ 
trolled oven. preferably of the forcrd...J 
apablc of continuous!~ mainta•ning J 

tureof 110 ±5"C throughout thrd~1ng. 
The oven shall be equipped with a th.:r 
of suitable range and accuracy for m. 
oven temperature. 

6.12 Jl'oshiiiR Pan-A round. nat-t 
pan at least 7.6 em (3 in.) dt.-cp. shghtl~ 
!he bottom than a 20.3-cm (8-in.)diamt' 

6.13 Rod (optionai)-A met:JI or pi 
or tube 3.2 mm ('Ia in.) in diameter and. 
em (4 in.) long for judging the si1r of pia 
threads . 

7. Matrrials 

1 .I A supply of distilled or dcmin.:ra: 
tcr. 

I. Samplina 

8.1 Samples may be taken from an' 
that satisfies testing needs. Howe,er.' ' 
C 702, and Practice 0 75, and Recom 
Practice D 420 should be used as guide 
lectin& and preservin& samples from 
types of samplin& operations. Samples wl 
be prepared using the wet preparation pre 
10.1, must be kept at their natural water 
prior to preparation. 

8.2 Where sampling operations ha 
served the natural stratification or a sarr 
various strata must be kept separated a 
performed on the panic-ular stratum of 
with as little contamination as possib 
other strata. Where a mixture of mat.:r 
be used in construction. combine the 
components in such proponions that th< 
ant sample represents the actual mmt 
case. 
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1-I.Kie about :! em ('t, m.) "''"" h~ :~hout HI ,·:n 
1-1 in.Jiong. In :~ddition. :a S(l3tui:J h:~,in& :1 hladl· 
ahout 2.5 em (I in.) "ilk :~nd 15 em (6 in.) long 
has bttn found useful for initi:al milling of s:am
pln. 

6.9 Sit'l"t'-A 20.3 em (II in.) di:ametcr. ~25-
pm (No. 40) sie\"C conforming to the require-

' mcnts of Specification E II :and h:~vmg :a rim at 
lrul5 em (2 in.)abo\·e the ml"Sh. 1\ 2-mm (No 
10) ~vc mectin& the s:amc requirements m:ay 
abo be needed. 

6.10 n 'ash Buill~. or simil:~r container for 
lddin1 controlled amounts of w:~tcr to soil and 
washing lines from coarse panicles. 

6.11 Dr.a'ing Ovm-A thermostatically con· 
uollcd oven, preferably of the forced-draft type, 
cap:ablc of continuously maintaining a tempera
ture of 110 ±S"C throughout the drying chamber. 
The oven shall be equipped "·ith a thermometer 
of suitable range and accuracy for rnonitoring 
0\-en temperature. 

6.12 Wtuhing Pan-A round. Oat-bottomed 
pan at least 7.6 em (3 in.) deep. slightly laraer at 
!be bottom than a 20.3<m (8-in.) diameter sieve. 

6.13 Rod (optionai)-A metal or plastic rod 
or tube 3.2 mm (Y, in.) in diameter and about 10 
ern (4 in.) lona for jud&ing the size of plastic limit 
dveads. 

7. Marmals 

7.1 A supply of distilled or demineralized wa
ter. 

I. Samplina 

1.1 Samples may be taken from any location 
that satisfle5 testing needs. However. Methods 
C702, and Practice D 15, and Recommended 
Practice 0 420 should be used as guides for se
lllc:tinl and presavina samples rrom various 
types or samplina operations. Samples which will 
be prepared using the wet preparation procedure, 
10.1, must be kept at \heir natural water content 
prior to preparation. 

1.2 Where samplina operations h- e pre
served lht natural stratification of a s:amplc. the 
\-arious strata must be kept separated and tesu 
prrformed on the particular stratum of interest 
•ith as little contamination as possible from 
other strata. Where a milturc of materials will 
be used in construction. combine the various 
componcnu in such proponions that the rcsult
~nt sample rcpresenu the actual construction 
case. 
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11.3 Where ~ala from thi\ ll~t method ;arc to 
he used for c:om~l:ation with uthc:r l;ahorJtory or 
ftc.-ld test d:~ta. usc the s:ame material as used for 
these tt.-sts where possible. 

K.4 Obtain a representative ponion from the 
total s:ample su llicic:nt to provide I SO to 200 1 of 
m:aterial p:~ssing the 4.25-J.~m (No. 40) sieve. Free 
nowing s:amples may be reduced by the methods 
of quanc:rin1 or splitting. Cohesive samples shall 
he mixed thoroughly in a p;~n with a spatula. or 
scoop :and a representative ponion scooped from 
the total mass by makin1 one or more sweeps 
with :a scoop through lhe milled mass. 

9. Ca1ibrarioca or Apparata 

9.1 ltup«lion ll/ W~aT: 
9.1.1 /.iquiJ Limil Dt'l'ic~-Dctcrmine that 

the liquid limit device is clean and in good work
ing order. The following specific poinu should 
be checked: 

9.1.1.1 H'rar of Btut>-Tht spot on the base 
where the cup makes contact should be worn no 
greater than 10 mm (:IIJ in.) in diameter. If the 
wear spot is ircater lhan this. the base can be 
machined to remove the worn spot provided the 
rcsurf"acin& does not make the base thinner than 
specified in 6.1 and the other dimensional rela
tionships arc maintained. 

9.1.1.2 We-ar cif Cup--The cup must be re
placed when the grooving tool has worn a de
pression in the cup 0.1 mm (0.004 in.) deep or 
when the edge of the cup has been reduced to 
half its original thickness. Verify that the cup is 
firmly attached to the cup hanger. 

9.1.1.3 WC"ar o/Cup 1/angt'r-Verify that the 
cup hanger pivot docs not bind and is not wom 
to an client that allows more than 3-mm (Yt-in.) 
side-to-side movement o(thc lowesl point on the 
rim. 

9.1.1.4 H'C"ar o/Cam-The cam shall not be 
worn to an extent that the cup drops before the 
cup hanger (cam ronowcr) loses contact with the 
cam. 

9.1.2 Grooving Tools-Inspect arooving tools 
for wear on a frequent and regular basis. The 
rapidity of wear depends on the material (rom 
which the tool is made and the types of soils 
being tested. Sandy soils cause rapid wear of 
crooving tools; therefore, when testing these ma
terials. tools should be inspected more Crequcntly 
than for other soils. Any tool with a tip width 
greater than 2.1 mm must not be used. The depth 
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of th~ tip of th~ groo"ing toul must ~ 7.9 to 8.1 
mm. 

Nmt 6-The "'ldth of the 11p of aroo,·ing tool~ i~ 
con,en1~ntly chc·dn.t u~mg ~ pocket-silnl mea~unng 
magn1fier equ1ppn.l ,.i1h ~ m1lhmetre sc~k Magn1fie~ 
of th1~ t~pe ~re a•a1lablr from most laboratol)· supply 
comp;~nin The depth of the t1p of g~<X>'ing tools can 
bt Chl"('lnJ usin& the depth musunng fe~ture of vernier 
c~l1pe~. 

9.2 Adpt.\11111'111 o( I lt·iKirl tl( Drop-Adjust the 
height of drop of the cup so that the point on the 
cup that comes in contact with the base rises to 
a height of 10 ±0.2 mm. See Fig. 4 for proper 
location of the gage relative to the cup during 
adjustment. 

Non 7-A convenient procedure for adjustin&the 
!KiiJlt of drop is :as follows: place 1 piece of mask in& 
tape across t!K ouuide bottom of the cup p;~rallel w1th 
the ~'is of the cup hanger pivot. The n.tge of t!K tape 
a"'•Y from the cup hangershould bi!o«'tthe spot on the 
cup that contacu the base. For new cups. placin& a 
piece of carbon paper on the base. and allowin& t!K cup 
to drop several times "'ill marl< the contact spot. Attach 
the cup to the de"icc and tum the crank until the cup 
is raised to its m;uimum height. Slide the height &a&c 
under the cup from the front. and obscl"\·e ,.hether the 
pgt contacu the cup or the tape. Sec Fi~o 4. If the tape 
and cup arc both contactn.l. the heiiJlt of drop is 
appro,imately correct. If not. adjust the cup until si· 
multancous contact is made. Check adjustment by 
turning t!K crank at 2 revolutions per second while 
holdina the pge in position apinst the tape and cup. 
If a ringina or cliclr.in& sound is heard without the cup 
rismg from the pge. the adjustment is co!T«'I. If no 
ringing is heard or if the cup rises from the pge. readjust 
the height of drop. If the cup rocks on the gage during 
this checking operation, t!K cam follo"·er pivot is Cl· 

cnsively worn and the \lo'Orn p;Jrts should bt replacn.l. 
Alv.-a)'\ remove tape ~fter compktion of adjustment 
operation. 

~IUL TIPOJm LIQUID LIMIT -PROCF:DURf.S 
A AND B 

10. Preparation of Test Spedmcns 

10.1 W1•1 Prcparalion-Except where the dry 
method of specimen prepar:~tion is specified 
( 10.2). prepare specimens for test as descri~d in 
the following sections. 

10.1.1 Samples Paning 1hc 425-~m (No 40) 
Sirl'c-When by visual and manual procedures 
it is determined that the sample has little or no 
material retained on a 425-~m (No. 40) sieve, 
prepa.re a specimen of 150 to 200 g by mixing 
thoroughly with distilled or demineralized water 
on the glass plate using the spatula. If desired, 
soal.. soil in a storage dish with small amount of 
water to soften the soil before the stan of miJ.ing. 

Adjust th~: water l'Ontl·nt of the: sod to bring 1tto 
a conmtency that would require 25 to 35 blov.1 
of the liquid lim1t dc:Yice to close the groo1c 
(Note 10. If. during mi~ing. a sm:.~ll pcrccntageof 
matenal ts encountered that would he retained 
on a 4~5-~Jm (No. 40} sieve. remove these pan•· 
cles by hand. if possible. If n is impractical to 
rcmo\·c the coarscr material by hand. remo1·c 
small percentages (less than about 15 %) of 
coarser material by working the specimen 
through a 425-IJm (No. 40) sieve using a piece of 
rubber sheeting. rubber stopper, or other convtll
ient device provided the operation does not dii
tort the sieve or degrade material that would br 
retained if the washing method described ia 
10.1.2 were used. If larger percentages of coant 
material are encount~rcd during miJ.ing. or it~ 
consid~red impractical to remove the coaoo 
material hy the methods just described. wash tht 
sample as described in 10.1.2. When the coant 
pa.nicles found during mixing are concretions. 
shells. or other frJgile panicles. do not crush lhcsc 
panicles to make them pa.ss a 425-~m (No. 401 
sieve. but remove by hand or by washing. Plact 
the mixed soil in the storage dish. cover to prt· 
vent loss of moisture, and allow to stand for at 
least 16 h (overnight). After the standing period 
and immediately before starting the test, thor· 
oughly remix the soil. 

Non 8-The time taken to adC'Quately mi' a 1011 
will val) greatly. depending on the plasticity and iniiQI 
water content. Initial mi,ing times of more than JO
in may be needed for stilT. fat clays. 

I 0.1.2 Samp/~s Comaining Mal~rial Rctai11rri 
on a 4]5-~m (No. 40) Siev~: 

10.1.2.1 SciC'Ct a sufficient quantity of soil ~• 
natural water content to provide 150 to 200 go( 

material passing the 425-llm (No. 40) sieve. P1acr 
in a pan or dish and add sufficient water to co~rr 
the soil. Allow to soak until all lumps have 
softened and the lines no longer adhere to tht 
surfaces of the corasc pa.niclcs (Note 9). 

NoTE 9-ln some c-asa. the cations of salu pron~~ 
in tap water will uch~nge v.·ith the natural cations 11 

the soil and significantly alter the test results should tJp 

water be used in the soaking ~nd washing operatioM 
Unless it is known that such catiom are not pr=n111 
the tap water. distilled or demincralizn.l w.~ler should 
be used. As a general rule. water containing mort t1w 
tOO mg/l of dissolved solids should not bt used b 
washing operations. 

10.1.2.2 When the sample contains a lafJI' 
percentage of material retained on the 42S1'm 
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(No. -101 ~, .... , ..... rx·rform th· 1,,1J,,,. 111 ~ 
oper:~t•on 1n •ncremcnls. w:.~~h 1 ng n,, m. 
0~5 kg (I lh} of material at one 11m,· f' 
4_5·1Jm (No. 40) S1~1·e 1n ch,· h..Jtt<~m "tl 
pan. Pour the SOli "'ater ml\turc unt<> 11 
If gravel or coarse sand pani'k~ aro.: pr, ...... 
as man~ of these as po~ 1hk ,. 11 h \m~ 11 ._., 
of water from a wash hottk JnJ Jlx.H• 
nat1vdy. pour the SOli 10oatn m1\lurc 0 , 

mm <.No. 10} sie\·e n~·lMd atop tho: -1~.-·IJ 
40} SIC:\<.", nnse the fine matl.'nJI thr,,u 
remove the 2-mm (No. 10) ~il.''l.' .\ftn, 
and removing as much of th~ coal'\l'r mJI 
possible. add sufficient water to th~ pan 1 

the level to about I J mm ( 1/~ in.J aho'~ th,· 
of the 4~.S-11m (No -10) s1~\e . .\gi!Jt.: th• 
by stirring "'ith the finga~ "'hdo.: r;~1.,, 
lowering the sie\e in the pan ..1nu ~-..1rl 
suspension so that fine matcn:~l •s ...... .,h,· 
the coarser p;~nicles. Dl!>:!ggreg;.~tt' lin.: .,..,11 
lhat have not slal~d b~ gentl) ruhh1ng th,· 
the sieve with the fingl·nips Compk1o.: th, 
ing oper:~cion by ra1s1ng thl.' sic:'" ;.~h.,H,· th· 
surface and rinsing the matenJI r~tJ1ncJ 
small amount of clean wat~r. D1s.:arJ n 

retained on lhe 425·1Jm (No. -'01 ~11.'\l'. 
10.1.2.3 Reduce the water contc:nt of cl 

!erial passing the 425-llm (No. 40) SIC:\C: 1 

approaches the liquid limit. Reduc11,1n ,,r 
content may be accomplished h~ on<.' tH .. 

bination of the following m~:thoJs (,,, n 

lhe air currents at ordin:.~~ rwm to.:mrx·· 
(h) e~posing to warm air curr<'nts from J 

such as an elC'Ctric h;m dr. ~r. (< ) lill,·n n 

Buckner funnel or using filta (;mJk., 1 

canting clear water from surf:~cc: of su .. rx· 
or k) dr:1ining in a colandc:r or plaskr ,,1 
dish lined with high retenti,ity. high "'.:Ht1 

filter paper.'lfa plaster of paris d1sh 1s U'><'• 

care that the dish ne\'er becom~ ~ull'o, 
s;~turated that it fails to acti,ely absorb "'Jl• 

its surface. Thoroughly dl) d1shes b:tv.,·,·r 
During evapor:~tion and coolin~t s11r th.: .,_ 
often enough to pre,ent o'erdr.1ng ,,,. lh<.' 1 
and soil pinnacles on the sun·a,c: of the m 1 

For soil samples cont:11ning soluhk "-llts 
method of water redu,tion such Js a "r 
will not eliminale the soluok s..:Jits from :r 
specimen. 

10.1.2.4 Thorough!) mi' the mJt,·n.~l r .. 
the 425-~m (No. 40) sine on thl.' glass piJ:, 
I he spatula. Adjust the"' at~r content of the 
lure. ifnect:5Sary, by adding smJ!I incr,·m,·l 
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''''· 40) \f;•,~·. l'l'rform the f,,l!,•wing "l~hing 
op.:ratllm rn m.-r~·m~·nts. "ashing no mor~ th.:1n 
0 ~ ~~ (I lhl of matenal at ont: time. Pl.:~ce the 
~2S-)Jm (No. 401 sic1e in the bouom of the cl<.'an 
pan Pour the s.oli watc.>r mi\ture onto the si<.'vc. 
If gra1 l'lor COJI"S(' ~nd panick-s arc preS('nl. rinS(' 
l1 man~ of thes.e as possthle wnh small quantities 
\ll 10ater from a 10ash boule.>. and drscard. A her· 
nat11l'1\, pour the s.orl water mrllture over a 2· 
mm (:"olo. 10) sie1e nested atop the 425-)Jm (No. 
~~ sic1e. rinse the fine material through and 
rtmo'e the 2-mm (No. 10) sie1e. After washing 
and removing as much of the coaryr material as 
possible. add suOicienl water to the pan 10 bring 
lhc le,·elto about 13 mm ( 'h in.) above the surface 
of the 42!i·)Jm (No. 40) sie,e .. A.gitale the slurry 
~ stirring with the fingers while raising and 
lo'"ering the sie1c in the pan and swirling the 
suspension so th:u fine material is washed from 
the COJI"S('r pan ides. Di~ggreg:llc fine soil lumps 
that ha,·e not slaked by gently rubbing them 01·er 
the sieve with the fingenips. Complete the wash
rng operation by raising the sie'e abo"e the water 
surface and rinsing the material retained with a 
small amount of clean water. Discard material 
rttained on the 425-)Jm (No. 40) sicl'e. 

10.1.2.3 Reduce the water content of the ma
ltrial passing the 425-)Jm (No. 40) sieve until it 
approaches the liquid limit. Reduction of water 
content ma) be accomplished by one or a com
bination of the following methods: (a) e'posing 
the air currents at ordinary room temperature. 
·"' e~posing 10 warm air current\ from a source 

such as an electric hair dryer. (c) filtering in a 
BucL.ner funnel or using filter candles. (d) de· 
canting clear water from surface of suspension. 
or 1<'1 drarning in a colander or plaster of paris 
dish lined with high retenti\'ity. high wet-strength 
filter paper.' If a plaster of paris dish is used. take 
care that the dish ne,er becomes sufficiently 

':1 saturated that it fails to acti,·ely absorb water into 
rts surface. Thoroughly dry dishes bctwe..-n uses. 
During e1·aporation and cooling. stir the ~mple 
often enough to prevent 01crd~ing of the fringes 
~nd soil pinnacles on the surface of the mixture. 
For soil ~mplcs containing s.oluble ~Its. usc a 
method of water reduction such as a or h that 
••II not eliminate the soluble ~Its from the It.'S! 

~imen. 
10. 1.2.4 Thoroughly mill the m:11erial passing 

the -l25-~m (No. 40) sieve on the.> g.lass plate using 
the spatula. Adjust the '"·atcr content of the mill· 
lure. if necessa~·. by adding small increments of 

769 

drstilll-d or d~mrnl·ralrz~d '"ala or b~ allnwmg 
thl· mi\turc to d~ Jt room t~m!X'rature whik 
milling on the glass plat~. Th~ soil should he at a 
water content that will rl-sult m closure of the 
groove in .:!5 to .15 hlo'"s Rt'turn the m1~ed soil 
to thl' mixing dish. co,er to prc,cnt loss of mois
ture. and allow to stand for at kast 16 h. After 
the standing pc:nod. and •mmcdratcly hcfore 
staning the test. rl'Oll\ thr soil thoroughly. 

10.2 Dr.r Prl'f"ITtllllltr 

10.2.1 Select sulliCil·nt sorl to provide 150 10 

200 g of mat.:rial passing the 425-JJm (No. 40) 
sieve after processing. Dry the ~mplc at room 
temperature or in an oven at a temperature not 
uceeding 60"(" until the soil clods will pulverize 
readily. Di~ggrc-gation is Cllpedlled if the ~mple 
is not allowed to completely dry. However. the 
soil should have a d~ appearance when pulver
izL-d. Pulverize the ~mple in a monar with a 
rubber tipped pestal or in some other way that 
docs not cauS(' breakdown of individual grains. 
When the coaFY panicles found during pulveri
ution are concretions. shells. or other fragile 
panicles. do not crush these panicles to make 
them pass a 425-J.Im (No. 40) sieve, but remove 
by hand or other suitable means. such as washing. 

10.2.2 Separate the ~mple on a 425-)Jm (No. 
40) sieve. shaking the sieve by hand to assure 
thorough separation of the finer fraction. Return 
the material retained on the 4.:!5-J.Im (No. 40) 
sieve to the pulverizing apparatus and repeat the 
pulverizing and sieving operations as many times 
as necessa~· to assure that all finer material has 
been di~ggregated and material retained on the 
4.:!5-J.Im (No 40) SIC\'C consists only of individual 
~nd or gravel grains. 

10.2.3 Place material remaining on the 425-
J.Im (No. 40) sieve after the final pulverizing 
operations in a dish and soak in a small amount 
of water. Stir the soil water millture and pour 
over the 425-)Jm (No. 40) sie\e, catching the 
water and any suspended fines in the washing 
pan. Pour this suspension into a dish containing 
the dry soil .. rcviously sieved through the 425· 
JJm (No. 40) sieve. Discard material retained on 
the 425-J.Im (No. 40) sieve. 

10.2.4 Adjust the '"ater content as necessary 
by drying as dcscrih.:J in 10.1.~.3 or by milling 
on the glass plate. using the spatula while adding 
increments of distilled or demineralized water. 

'S and S ~~~ fill~r f\.l(l<f. ••••l•hlc •n )~<m nrck-s. h•• 
PfO\('n '-lll\1'~'1~ 
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IHlltlthl' soil i~ at a watc:r CtlniL'nlthat "'all result 
•n clmurc of the groove m 2'> 10 J5 blo,.·s. 

10.:?.5 Put soil m the storage d1sh. cover to 
prevent loss of mo1sture and allow to stand for 
at least 16 h. After the stand•ng penod. and 
immediatdy before staning the test. thoroughly 
remi~ the soil (Note 8). 

II. Procedurt 

I 1.1 Place a ponion of the prepared soil in 
the cup of the liquid limit device at the point 
where the cup re-sts on the base. squeeze it down, 
and spread it into the cup to a depth of about I 0 
mm at its deepest point, Upering to form an 
approximately horizontal surface. Take care to 
eliminate air bubble-s from the soil pal but form 
the pat with as few strokes as possible. Heap the 
unused soil on the glass plate and cover with the: 
invened storage dish or a wet towel. 

11.2 Form a groove in the soil pat by drawing 
the tool, beveled edge forward. through the soil 
on a line joining the highe-st point to the lowe-st 
point on the rim of the cup. When cutting the 
groove, hold the grooving tool against the surface 
of the cup and draw in an arc. maintaining the 
tool perpendicular to the surface of the cup 
throughout its movement. See Fig. 5. In soils 
where a groove cannot be made in one stroke 
without tearing the soil. cut the groove with 
several strokes of the grooving tool. Alternatively, 
cut the groove to slightly les.s than required di
mensions with a spatula and usc the grooving 
tool to bring the groove to final dimensions. 
Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

I 1.3 Verify that no crumbs of soil are present 
on the base or the understde of the cup. Lift and 
drop the cup by turning the crank at a rate of 1.9 
to 2.1 drops per second until the two halves of 
the soil pal come in contaC"l :u the bonom of the 
groove along a distance of I 3 mm (11l in.). See 
Fig. 6. 

Non 10-Usc th~ ~nd ofth~ 1100vina tool, Fia. 2. 
or a scale to verify that the aroove w clo5Cd 13 mm 
(Vl in.). 

11.4 Verify that an air bubble has not caused 
premature closing oft he groove by observing that 
both sides of the groove have Oowed together 
with approximately the same shape. If a bubble 
has caused premature closing of the groove, re
form the: soil in the cup, adding a small amount 
of soil to make: up for that lost in the grooving 

opcrat1nn and rqx·at II i 10 II .. l. If the SOl' 
slides on thL· s~:rfare of the: cup. rcpo.:at 11.1 
through II.' at a higher water content. If. afrc:r 
several tnals at successl\cly h1ghcr water con
tents. thl· ~~~~pat contmues to slide tn the cup or 
if the numhcr of blows required to close thr 
groove ts always k'ss than 25. rl"Cord that t~ 
hquid hmit could not be determined. and n:pon 
the soil as nonplastic without performing t~ 
plastic limit test. 

11.5 Record the number of drops. S. required 
to close the groove. Remove a slice of soil ~~ 
proximately the width of the spatula. extendin& 
from edge to edge of the soil calc: at right angles 
to the groove and including that ponion oft~ 
groove in which the soil Oowed together. place in 
a weighed container. and cover. 

11.6 Return the soil remaining in the cup to 
the glass plate. Wash and dry the cup and groo~
ing tool and reattach the cup to the carriage in 
preparation for the next trial. 

II. 7 Remix the entire soil specimen on tht 
glass plate adding distilled water to increase tilt 
water content of the soil and decrease the number 
of blows required to close the groove. Repeat 
ll.lthrough 11.6 for at least two additional trials 
producing successively lower numbers of blows 
to close the groove. One of the trials shall be for 
a closure requiring 25 to 35 blows, one for closure 
between 20 and 30 blows. and one trial for a 
closure requiring I 5 to 25 blows 

11.8 Determine the water content. w,..., of tilt 
soil specimen from each trial in accordance with 
Method D 2216. Make all weighings on the same 
balance. Initial weighings should be performed 
imme-diately after completion of the test. If tilt 
test is to be interrupted for more than about 15 
min. the specimens already obtained should be 
weighed at the time of the interruption. 

12. Calculations 

12.1 Plot the relationship between the w.mr 
content, W..,, and the corresponding number ol' 
drops, N. of the cup on a semilogarithmic gr.tph 
with the water content as ordinates on the arilh· 
metical scale. and the number of drops as abscis
sas on the logarithmic scale. Draw the besl 
straight line through the three or more ploued 
points. 

12.2 Take the water content corresponding to 
the intC:I"SC'{'tion or the line with the 25-<!rop 
abscissa as the liquid limit of the soil. CompuU· 
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Ilona! mrth•~<h rna~ h..· \uh,t!lurnJ r •• r "' 
teal mcth,l<J for lilltng a ~lralght 110,. 1,, 

and dttl'rmtnmg the r.4 u1d hmll 

ONt>I'Ot' 1 I.IQI'JJ> 11\III-I'WO< I 1 
(' .-\'!) J) 

JJ. f>rrpanrion of h·~r S!)(Tim{·n, 

Ill Prejl.lrr the spo..·umc·n 1n thc· \...In· 
ner as dl'Sl'nh..·d in S...·l·t•nn 10. nu·rr 
mi1ing. adjUSt lhl· Wall'r l'Onll'nt It> J ,., •n· 
requiring 20 to .JO drops of thL· ltqu1J 111 
to close the groove. 

1-4. Proctdurt 

14.1 Proo.:('o.:d as d,·~·nt>..·d m 11 1 tl 
11.5 except that the numh..·r of hltl"' ~ r,·4u 
close the grOO\l' shall h..· ~o.,, .10. If k'-' tl 
or more than .lO hlows arc: rL'r..jUirc·J. aJJ, 
water content of the soil and n·po..·at the· 
dure. 

14.2 lmmL'dlately after rL·mo< 1 n~ ~ 
content sp.:cimcn as dt'5<:nh..·d m 1 1 .; r 
the soil in th~ cup. addtng a small am''' 
soil to male up for that lost in thl.' gr'"" 1 n 
~ater content sampling Oj)t'rations. Rc:rx·a 
through 11.5. and. if tht' SC'Cond clo.'ISI ng , 
uoove require-s the saml' numhcr of dr11p~ 
more than two drors d•lkr~ncc. S~:curr Jn 
water content specimen. Other....i<.t". rc·n11 
entire sprciml.'n and repeat. 

. Non 11-E\C'L'S!.i'r dr.inj! or tnadc·4u~1.· n 
wJIIC"ausc lh<· numhcr of No"'-s ''' 'Jro 

14.3 Dctt"rmine water cont~nts nf 'fl<'< 11 
as descrihcd in I I .8. 

IS. Ctlrulations 

15.1 o.:tcrmine the liquid limit for l'a, h " 
content srccimL·n using on{· of thL· f, •II·" 
equations: 

where: 

U. • u·,(~f':' or 
.5. 

LL z A't lt'.J 

/1' = th~ numt>..·r ofhlo"'s cau~ing ,·J,,,ur,· ,,, 
groo<e at \\Jtrr ronr,·nt. 

II',= w;:rter contc•nt. and 
A.' = a factor gl\ <'n in Tat'lk I. 

Thl' liquid ltm11 is thl' J<<TJgr nf the'"'': 
liquid ltm1t <JiUl'S. 

15.2 If the difTerencl' hctwe,·n th( '"''' 1: 
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t1onal method~ ma~ tx· sunstl\ull'J fnr thl' grarh· 
nl method for tilling a ~1ra1gh1 line 10 thc data 
and dctl·rmining the liquid lim II 

ON[.p()f~T L!Qt 'ID f.I\IIT -PROCH>! 'Rt:.S 
C AI'\D D 

13. PrC'plration or Trst SjX·dml'RS 

13.1 Prl'p;lrc the ~pcr1ml·n m the s:~ml' man· 
~r as dl"SC'rit>C'd in S<.'Ction 10. c>.cqll that at 
m1xing. adjust th( v.atcr content to a comistcncy 
requiring ~0 to 30 drops of the liquid llm1t cup 
10 close the groove. 

14. Proctdurc 

14.1 Proceed as dL-scribed in 11.1 through 
11.5 except that the number ofhlo..,·s required to 
~the grOO\'C: shall be :?0 to JO. If less than 20 
or more than 30 blows arc required. adjust the 
water content of the soil and repeat the procc· 
durc. 

14.2 Immediately after removing a water 
content specimen as dl-scrihl'd in 11.5. reform 
the soil in the cup. adding a small amount of 
10il to make up for that lost in the gre<wing and 
~toatc:r content sampling operations. Rrrcat 11.2 
through 11.5. and. if the second closmg of the 
p'OO"'C: requires the same number of drops or no 
more than two drops difference. sccurc another 
water content specimen. Otherwise. remi>. the 
entire specimen and repeat. 

Non 11-Exc(ssiv~ drying or inad('Quatr miling 
..;u caust \h( number of hlows 10 ,.31") 

14.3 Dct~rminc water contrnts of ~rccimcn~ 
~ drsnibc.'d in I 1.8. 

15. Calculations 

15.1 Determine the liquid lim1t fM each water 
rontent specimen using one of the following 
equations: 

LI. • w,(~)"!' or 

LL • A't II', l 

"tlcrt: 
,\' =the number ofhlows cau~ing rlnsurl' of the 

groov( at watn ronlcnt. 
If:,= water content. and 
K =a factor given in Tahlc: I. 

Th( liquid limit is the average of tlh' tv. o trial 
~uid limit \Jiues. 

15.~ If the difference hctwe-cn the two trial 
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hqu1d limn \.Jiuc:~ i\ greater than one pc:rn:ntagL' 
[lOin(. reJ'l'-'JI lhl' lest 

1'1..\STI\ 1.1:>-tiT 

16. i•repar;~tion of Test S!K'Cimrn 

16.1 s.:kct a :?0-g ponlon of soil from the 
material pn·rarl'd for the liquid limit test. either 
after the Sl'Cond mi\ing hl.·forc the test. or from 
the: soil rcmarning after completion of the test. 
Reduce the water content of the soil to a consist· 
ency at which it can he rolled without sticking to 
the hands by spreading and milling continuously 
on the glass plate. The drying process may he 
accelerated by e~posing the soil to the air current 
from an el~tric fan. or by bloning with paper 
that does not add any fiber to the soil. such as 
hard surface: paper toweling or high wet strength 
filter paper. 

J 7. Procedure 

I 7. I From the ~0-g mass. select a ponion or 
1.5 to ~.0 g. Form the test specimen into an 
ellipsoidal mass. Roll this mass between the palm 
or fingers and the ground-glass plate with just 
sunicient pressure to roll the mass into a thr~d 
or uniform diameter throughout its length (Note 
I 2). The thread shall be funher deformed on 
each stroke so that its diameter is continuously 
reduced and its length extended until the diam· 
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in.), 
taking no more than 2 min (Note 13). The 
amount of hand or finger pressure required will 
vary greatly. according to the soil. Fragile soils or 
low plasticity arc best rolled under the outer edge 
of the palm or at the base of the thumb. 

Non I :!-A norm.l r.ne c' rolling for most soils 
should tx 80 to 90 strol~ per minute. counting a 
slrolc as one complete motion of the hand forward and 
bacl 10 the staning position. This nlc of rolling may 
hav~ to tiC' dl'CreaSl'd for \'(1) fr.~gile soils. 

Non 13-A 3.!-mm ('it·in l diameter rod or tu~ 
is ustful for frequent comp;uiwn wirh the soil thread 
to asccnain whrn the rhread has reached the proper 
diam~lcr, ~~ially for inexperienced openllo~ 

17 .I. I When the diameter of the thread be· 
comes 3.2 mm. break the thread into several 
pieces. Squeeze the pieces together. knead be
tween the thumb and first finger of each hand. 
reform into an ellipsoidal mass, and reroll. Con
tinue this alternate rolling to a thread 3.2 mm in 
diameter, gathering together, kneading and rc
rolling. until the thread crumbles under the pres-
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sure rcquirl-d for rolhng and the soil can no 
longer be rolled into a 3.2-mm diameter thread 
(Soc Fig. 7). It has no significance if the thread 
breaks into threads of shorter length. Roll each 
of these shorter threads to 3.2 mm in diameter. 
The only requirement for continuing the test is 
that they are able to be reformed into an ellip
soidal mass and rolled out again. The operator 
shall at no time attempt to produce failure at 
exactly 3.2 mm diameter by allowing the thread 
to reach 3.2 mm,thc:n reducing the rate: of rolling 
or the hand pressure, or both, while continuing 
the rolling without further deformation until the 
thread falls apart. It is permissible. however, to 
reduce the: total amount of deformation for feebly 
plastic soils by making the initial diameter of the 
ellipsoidal mass neaner to the required 3.2-mm 
final diameter. If crumbling occu~ when the 
thread has a diameter greater than 3.2 mm, this 
shall be considered a satisfactory end point, pro
vided the soil has been previously rolled into a 
thread 3.2 mm in diameter. Crumbling of the 
thread will manifest itself difTenentJy with the 
various types of soil. Some soils fall apart in 
numerous small aggregations of partides, oLhe~ 
may form an outside tubular layer that starts 
splitting at both ends.. The splittin& progresses 
toward the middle, and finally, the thread falls 
apart in many small platy particles. Fat clay soils 
.-equine much pressure to deform the: thread, 
particularly as they approach the plastic limit. 
With thes.e soils, the thread breaks into a series 
of barrel-shaped segments about 3.2 to 9.5 mm 
('II to V. in.) in length. 

17.2 Gather the portions of the crumbled 
thread together and place in a weighed container. 
lmr.1ediately cover the container 

17.3 Select another 1.5 to 2.0 g portion of soil 
from the original 20-g specimen and repeat the 
operations described in 17.1 and 17.2 until the 
container has at least 6 g of soil. 

17.4 Repeat 17.1 through 17.3 to make an
other container holding at least 6 g of soil. !:X
termine the water content, in perttnt, of the soil 
contained in the containe~ in accor<Unce with 
Method D 2216. Make all weighings on the same 
balance. 

. Nun 14-l"IK intent of performing two plastic 
hmot tnals IS to verify the consistency of the test nesutt.s. 
II IS aettpt.ablc prac1i~ to perform only one plastic 
limit tri.a.l when the consistency in the test result.s can 
be confirmed by other mean~ 
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I H. C.slcul11tions 

18.1 Compute the average of the two wale! 

contents. If the difference between the two walt! 

contents is greater than two percentage poinu. 
repeat the tl"Sl. The plastic limit is the average d. 
the tw·o water contents. 

I'I.ASTICITY 11\00t:\ 

19. C.kulations 

19.1 Calculate: the plasticity indc:J. as foiiO'<O\ 

PI• 1.1.- PL 

where: 
1.1. • the liquid limit, 
1'1. • the plastic limit. 

Both 1.1. and Pl. arc whole numbe~. If either 
the liquid limit or pla~tic limit could not lx 
determined. or if the plastic limit is equal to 01 

grt41ter than the liquid limit, report the soil a 
nonplastic. NP. 

20. Report 

20.1 Report the following information: 
20.1.1 Sample identifying information, 
20.1.2 Any special specimen scl«tion proas 

used, such as removal of sand lenses from und& 
turbcd sample, 

20.1.3 Report sample as airdried if the samplr 
was airdried before or during preparation, 

20.1.4 Liquid limit. plastic limit, and plaslic 
ity indeJ. to the nearest whole: number and omr 
ting the percent designation. If the liquid limit.
plastic limit tests could not be performed, oc ~ 
the plastic limit is equal to or greater than tile 
hquid limit. report the soi as nonplastic, NP, 

20.1.5 An estimate of the percentage of saiD
pie retained on the 4251Jm (No. 40) sieve, and 

20.1.6 Procedure hy which liquid limit "11 

performed. if it difTe~ from the multipoilll 
method. 

21. Precision and Bias 

::! 1.1 No interlaboratory testing program hll 
as yet been conducted using this test method w 
determine multilaboratory precision . 

21.2 The within laooratory preci~ion or tile 
results of te-sts performed by different opcraton 
at one laboratory on two soils using Procedurr 1 

for the hquid limit is shown in Table 2. 

1 -"BU: I ··.nun lot OIMai" 1 
CoefHr a-..~ N ~ ._._, I uwu1 1 

••loft ol Oro,. < ·- n,,...,, 
IV 

-~tNu~l><~ DropaJ 

.!0 
21 
22 
lJ 
24 
2~ 
26 
27 
ll 
!'I 
lO 

U~N 

u \,II(\ 
0 'NO 

OW' 
I lUI 

I W' 
J(){N 

I 014 
I 01~ 
I 0~~ 
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tABU: I h<1on '"' ObuiAina l.iq~i<l Li•il r.- Wal" 
c ........... ,.,.~ ...... of Oro,. c .... ;,.. C\oo..n of c ..... 

/1" 
(Numbtr of Oropal 

~0 

21 
22 
2) 
24 
23 
26 
27 
21 
29 
)0 

K 
(faC10f ror liquid l..imil) 

0.974 
0.979 
091S 
0.990 
099S 
1.000 
I.OOS 
1.009 
1.014 
1.011 
1.012 

s ... , ... 
PL 
LL 

Sm/8 
PL 
LL 
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Wirhi• t .. boniO<J l'r...-"iue for I iquol l..i•il 

A•<r~~t Value. i 

21 9 
27.9 

20.1 
)26 

Sundud 
{XttLIUOn, J 

I 07 
107 

1.21 
0 9& 
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DIMENSIONS 
LETTER A F G 

MM 54 2 27 56 ~2 10 

± 0.5 ± 0.1 ± 0.5 ± 2.0 

LETTER N p R T u v 
MM 24 28 24 "5 "7 J.e 

± 1.0 

"ESSENTIAL DIMENSIONS 

8 
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J ~ 
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~ "' ,,. 
~ ,.., 

0 .... .._ 
~ (/) --
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H J 

16 60 150 
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w z 
~~ 6.5 

CAM- CAM 
ANGLE 

RADIUS DEGREES 

0 0.74 2 R 

V DIAMETER JO 0.75~ R 

CRS OR BR.t.SS PIN 60 0.764 R 

' ' 

'I 

..... ~ _,_ L. 
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SPECIFICATION IN 6.1.2 
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----· 
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'----
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~-~ 0 I: r :1: r 
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DIMC::NSIO~S 

4 
ESSENTIAL DIMENSIONS 

0
BACK AT LEAST 15 WW FROIA TIP 

NOTC: DIWENSION A SHOuLD BC 1.9-2.0 AND DIWENSION D 
SHOuLD BE 8.0-8,1 WHEN NEW TO AL.L.O'II FOR 
ADEQuATE SCRVICE LIFC 

J 

L.._ 

K 0---·--r---

.-rG. 2 Groo•ift& Tool (Oprionol ll<iahr-of·Drop G•r• Al1ochf'<ll) 

DIMENSIONS IN MILL/METRES 
HG. ·' ll•i~thr of O.op Garr 
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Standard Test Method I 

DISTRIBUTION RATIC 

METH00 1 

Th1' 'l.lnd • .ttJ '' t~\Ul'J un4·• ttl..· f,,,·J Jr..•~nJIIHO !l 
on,,n.,I.»J~•ptuln or '"I he l.J""' ~,f ft'\ 1'\h'" th< ''~' • 
A. u•r-.·r• rt("l t'~k,n t~ l•nJ·~·.~~t-.. "" N•t..n,ll h.-nf' 

As an aqu,·ou~ rluoJ mol!r~t,·· 

dqx·nd,·nt upon th~ chcmo~tn , 
of other nu1ds and solid ph~~ 
interactiOns det,·rmln( th.: r,·J~t 

(such as ions) tra,,·J v.11h rc,rx·· 
1m~nancc 1n r,·tJrJong th,· JJ,,.. 
species at 'doci11es kss than the 
complel( formation. pr~cipltdll• 

precipiuting as the sulfate}. 0\1, 
test m~thod applies to situauor 
~xchang~) ar~ operabl~ for tht' ~ 

porous m~dia. 
It is d,n·ICult to dai'.: g,·n,·r~J,, 

in the gc:ologic.tl en' ironment lo 
(/o;J) has b.:cn US<..'d 1\) QUJntof, 
modeling (usuall~. ~ut nlll ~ol,-1, 

ulo(:J to as.s.:ss the d,·gr<·l' t•' "'h ,, r 
fluoJ mograt,·s through th,· g,·,,J.,~ 

indll·allon of ho" rapoJI~ an 1un . 
under the g.:och,·nHc.il conJotour 

This test m~thod IS for the I~"'-' 
may be used hy qualifll·d C\fl<:n~ 1 

gl\en underground gnKhl'ml,~l. 
im~nant sit.:-sp<.'l'lfic f..Jctors It'' 
qualifications requir,·d. or 10 J u~: 
predicti'e purpoS<:s. Rath,·r. tr.,~ 

technique for d.:term1111ng th..: J,, 
and solid. under a cc:naon .s.:t of !Ji 

Justification for th,· do~tnhut••' 

based on C\p.:d1cnc~ 1n mLxklon~·· 
to p;.tnitionong in sod~. equolohroun 

I ThiS mc1h<~ 1\ under ttk· Jun!ll-.11\"lhln of ~" r \1 l 

Sut-<-ommrll('(' Dllt 14 on G("olr:~o:hntl'\ of\\ ...a\1( '1.Jn.J~o'"r 

Currt"nl (\jllh'n ~rpr~.."r-d '0\ .:'X 1"1.-, ~ Puhlro,i"h".J .:., 


